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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of

Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health; the

National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health; the National

Center for Toxicological Research (NCTR), Food and Drug Administration; and the National Institute for

Occupational Safety and Health (NIOSH), Centers for Disease Control. In July 1981, the Carcinogenesis

Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP coordinates the relevant programs,

staff, and resources from these Public Health Service agencies relating to basic and applied research and to

biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous

chemicals. This knowledge is used for protecting the health of the American people and for the primary

prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and were

conducted in compliance with NTP laboratory health and safety requirements and must meet or exceed all

applicable federal, state, and local health and safety regulations. Animal care and use were in accordance with

the Public Health Service Policy on Humane Care and Use of Animals. The prechronic and chronic studies

were conducted in compliance with Food and Drug Administration (FDA) Good Laboratory Practice

Regulations, and all aspects of the chronic studies were subjected to retrospective quality assurance audits

before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including

carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and mice).

Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of human
exposure, level of production, and chemical structure. Selection per se is not an indicator of a chemical’s

carcinogenic potential.

These NTP Technical Reports are available for sale from the National Technical Information Service,

U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single copies

of this Technical Report are available without charge while supplies last from the NTP Central Data

Management, NIEHS, P.O. Box 12233, MD AO-01, Research Triangle Park, NC 27709 (919-541-1371).
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ABSTRACT

C.I. DIRECT BLUE 218

CAS No. 28407-37-6

Major Component of C.I. Direct Blue 218

A copper complex of 3,3'-[(3,3'-dihydroxy[l,U-biphenyl]-4,4'-diyl)bis(azo)]bis

[5-amino-4-bydroxy-2,7-napbtbalenedisulfonic acid] tetrasodium salt

Chemical Formula: (C32HjgN^Oj^S4
Na

4
)^CUy Molecular Weight: Approx. 1,090

(assumes 2 copper ions per molecule)

Synonyms: cuprate(4-), [/i-[[3,3*-[(3,3*-dihydroxy[l,l *-biphenyl]-4,4*-diyl)bis(azo)]bis[5-amino-4-h^droxy-

2,7-naphthalenedisulfonalo]](8-)]]di-, tetrasodium: copper, [tetrahydrogen -3,3 -[(3,3 -dihydroxy-4,4 -biphenylylene)

bis(azo)]bis[5-amino-4-hydroxy-2,7-naphthalenedisulfonato](4-)]di-, tetrasodium salt; l-naphthol-3,6-disulfonic acid, 2,2 -

(3,3 -dihydroxy-4,4 -biphenylylenebisazo)bis[8-amino-, dicopper deriv., tetrasodium salt

Trade Names: Amanil Supra Blue 9GL; Carta Blue VP; Fastusol

Pontamine Fast Blue 7GLN;

C.I. Direct Blue 218 is a copper chelated dye used

for cellulose, acetate, nylon, silk, wool, tissue, papers,

and textile goods with a urea-formaldehyde finish.

C.I. Direct Blue 218 is one of five chemicals/dyes that

are part of the National Toxicology Program’s

Benzidine Dye Initiative, established to determine the

toxicity and carcinogenicity of representative benzi-

dine congeners, congener-derived dyes, and benzidine-

derived dyes. Industrial grade C.I. Direct Blue 218

was selected for study because of its widespread use.

Because of the high salt content, the dye was desalted

prior to use. Toxicology and carcinogenesis studies

were conducted by administering C.I. Direct Blue 218

in feed to groups of male and female F344/N rats and

B6C3Fj mice for 14 days, 13 weeks, and 2 years.

Genetic toxicology studies were conducted in Salmo-

nella typhimurium, cultured Chinese hamster ovary

cells, and Drosophila melanogaster.

Blue 9GLP; Pontamine Bond Blue B; Solantine Blue lOGL;

14-Day Study in Rats
Groups of five male and five female F344/N rats were

fed diets containing 0, 1,000, 3,000, 7,000, 15,000, or

30,000 ppm C.I. Direct Blue 218. All rats survived

until the end of the study. Rats receiving 30,0(X) ppm
lost weight, and the mean body weight gain of males

receiving 15,000 ppm was significantly lower than that

of the controls. Feed consumption by rats receiving

30,000 ppm was lower than that by the controls.

Decreased organ weights at the 30,000 ppm level

were related to the decreased body weights at this

exposure level.

14-Day Study in Mice
Groups of five male and five female mice were fed

diets containing 0, 1,000, 3,000, 7,0(X), 15,(XX). or
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30,000

ppm C.I. Direct Blue 218. All mice survived

until the end of the study. The final mean body

weight of males receiving 30,000 ppm was 25% lower

than that of controls and that of 30,000 ppm females

was 20% lower than that of controls. Feed consump-

tion by exposed and control groups was similar except

for the 15,000 and 30,000 ppm groups. Feed spillage,

due to reduced palatability, precluded the accurate

determination of feed consumption by these two

groups. Male and female mice receiving 30,000 ppm
appeared hyperactive and emaciated during the last

week of the study. Decreased organ weights were

noted at 30,000 ppm and were attributed to the

decreased mean body weights at this exposure level.

13-Week Study in Rats
Groups of 10 male and 10 female rats were fed diets

containing 0, 3,000, 10,000, or 20,000 ppm C.I. Direct

Blue 218. All male and female rats survived until the

end of the study. Rats exposed to 3,000, 10,000, or

20,000

ppm C.I. Direct Blue 218 received approxi-

mate daily doses of 200, 600 or 1,300 mg dye/kg body

weight (males) and 200, 800, or 1,400 mg/kg

(females). The final mean body weight of male rats

receiving 20,000 ppm was 24% lower than that of the

controls and the final mean body weight of female

rats receiving 20,000 ppm was 15% lower than that of

the controls. Feed consumption by exposed and

control groups was similar except in the 20,000 ppm
groups where feed spillage was noted. Absolute and

relative kidney weights of rats receiving 10,000 or

20,000

ppm were significantly greater than those of

controls. Significantly decreased organ weights were

noted, particularly in the 20,000 ppm groups, and

were attributed to the lower mean body weights at

this exposure level.

The hematocrit, hemoglobin, mean erythrocyte

volume, and mean erythrocyte hemoglobin values in

male and female rats receiving 10,000 and

20,000

ppm were significantly lower than those of

controls. Serum levels of alanine aminotransferase

and sorbitol dehydrogenase in male and female rats

receiving 20,000 ppm were significantly higher than

those of controls, which is consistent with hepatocel-

lular injury. Male rats receiving 10,000 ppm and

male and female rats receiving 20,000 ppm had

hepatic lesions consisting of intracytoplasmic pigment

in periportal Kupffer cells, minimal to mild individual

hepatocyte necrosis, increased numbers ofbinucleated

and multinucleated hepatocytes, and minimal bile

duct hyperplasia. Male and female rats receiving20,000

ppm had yellow-green pigment within the

cytoplasm of proximal convoluted tubules of the

kidney. Microconcretions of mineral were observed

along the corticomedullary junction of the kidney in

most female rats, but the numbers of micro-

concretions in kidney sections were increased in

females that received 20,000 ppm.

13-Week Study in Mice
Groups of 10 male and 10 female B6C3Fi mice were

fed diets containing 0, 3,000, 10,000, or 20,000 ppm
C.I. Direct Blue 218. There were no deaths attribut-

ed to C.I. Direct Blue 218. Mice exposed to 3,000,

10,000, or 20,000 ppm C.I. Direct Blue 218 received

approximate daily doses of 400, 1,500, or

3,600 mg dye/kg body weight (males) and 400, 1,800,

or 4,000 mg/kg (females). The final mean body

weight of males that received 20,000 ppm was

24% lower than that of the controls, and the final

mean body weight of females that received

20,000

ppm was 14% lower than that of controls.

Feed consumption by exposed mice was similar to

that by controls except in the 20,000 ppm groups

where feed spillage was noted. Significant differences

in organ weights were noted at 20,000 ppm which

were attributed primarily to the lower mean body

weights in these exposure groups.

The hematocrit, hemoglobin, mean erythrocyte

volume, and mean erythrocyte hemoglobin values

were significantly lower in males and females receiv-

ing 10,000 and 20,000 ppm. Serum levels of alanine

aminotransferase and sorbitol dehydrogenase in male

and female mice receiving 10,000 and 20,000 ppm
were significantly higher than those of controls,

indicating hepatic injury. Male and female mice

receiving 20,000 ppm had hepatic lesions consisting

of centrilobular hepatocyte hypertrophy and karyo-

megaly, multifocal individual hepatocyte necrosis,

oval cell proliferation, and periportal Kupffer cells

with intracytoplasmic pigment. Males and females

receiving 20,000 ppm also had increased numbers of

pigmented macrophages within the red pulp of the

spleen.

2-Year Study in Rats
The doses selected for the 2-year study of C.I. Direct

Blue 218 were based on the lower final mean body

weights and the occurrence of hepatic lesions in the
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20,(XX) ppm groups in the 13-week study. Groups of

60 male and 60 female rats were fed diets containing

0, 1,(XX), 3,000, or 10,000 ppm C.I. Direct Blue 218

for 103 weeks. Nine or 10 rats from each group were

evaluated after 15 months.

Survival, Body Weights,

Feed and Compound Consumption,

and Clinical Findings

Survival of female rats receiving 10,0CX) ppm was

slightly, but not significantly, lower than that of the

controls. Mean body weights of male and female rats

in the 10,000 ppm groups were approximately 5% to

14% lower than those of the controls after week 15,

and the final mean body weights of male and female

rats at this level were 11% and 9% lower than those

of the controls, respectively. Feed consumption by

exposed male and female rats was similar to that by

the controls and was estimated to deliver daily doses

of 40, 120, and 440 mg dye/kg body weight to males

and 50, 140, and 470 mg/kg to females. No chemical-

related clinical signs of toxicity were noted.

Hematology and Clinical Chemistry

The hematocrit, hemoglobin, mean erythrocyte

volume, and mean erythrocyte hemoglobin values in

10,000

ppm female rats were significantly lower than

those of controls, while in males only the mean
erythrocyte hemoglobin value was significantly lower.

Serum levels of alanine aminotransferase and sorbitol

dehydrogenase in male and female rats receiving

10,000

ppm were significantly higher than those of

the controls at the 15-month interim evaluation.

Pathology Findings

Squamous cell papillomas of the oral mucosa

(pharynx) occurred in five males receiving

10.000 ppm but not in the lower exposure groups or

in controls. A squamous cell carcinoma occurred in

one 10,0(X) ppm male and a benign basosquamous

tumor was observed in another. The incidence of

oral mucosal neoplasms in the 10,000 ppm males was

significantly greater than that in controls and

exceeded the range observed in untreated historical

controls (10/1,253, 0.8%; range 0%-4%). These

neoplasms were considered chemical related.

Administration of C.I. Direct Blue 218 to rats

produced significantly increased incidences of fore-

stomach basal cell hyperplasia in males receiving

3.000 or 10,000 ppm (0 ppm, 0/50; 1,(XX) ppm, 2/50;

3,000

ppm, 10/50; 10,000 ppm, 19/50) and in females

receiving 10,(X)0 ppm (1/50, 1/49, 5/50, 11/49).

Further, there were marginal increased incidences of

focal squamous hyperplasia in the 3,000 and10,000

ppm males (1/50, 1/50, 6/50, 4/50). Squamous

cell papillomas of the forestomach were seen in two

3,(X)0 ppm males and in one 10,(XX) ppm male; no

papillomas were observed in the controls. A squa-

mous cell carcinoma was also seen in one 3,000 ppm
male. Because of the uncommon occurrence of

forestomach neoplasms in untreated control male rats

(4/1,253, 0.3%; range 0%-2%) and the slight increase

in the incidence of focal hyperplasia, these neoplasms

may have been chemical related.

The incidence of uterine endometrial stromal polyps

in each exposed group of female rats was significantly

greater than that of the controls (1/50, 12/50, 10/50,

10/50). Because the incidences in the exposed groups

did not increase in a dose-related manner and the

incidence in the controls was unusually low (histori-

cal incidence: 205/1,251, 16.4%; range 2%-30%), the

higher incidence of stromal polyps in the exposed

groups was not considered chemical related.

2-Year Study in Mice
The dose selection for the 2-year study was based on

the lower final mean body weights and the liver

lesions observed at the 20,000 ppm level in the

13-week study. Groups of 60 male and 60 female

mice were fed diets containing 0, 1,000, 3,000, or

10,(XX) ppm C.I. Direct Blue 218 for 103 weeks. Nine

or 10 mice from each exposure group were evaluated

after 15 months.

Survival, Body Weights,

Feed and Compound Consumption,

and Clinical Findings

Survival of exposed male and female mice was similar

to that of the controls. Mean body weights of male

and female mice receiving 10,000 ppm were 10% to

29% lower than those of the controls during most of

the study, and the final mean body weights in these

groups were 19% lower than that of the controls for

males and 27% lower than that of the controls for

females. Feed consumption by exposed mice was

similar to that by controls and the diets were estimat-

ed to deliver daily doses of approximately 120, .360,

and 1,520 mg of dye/kg body weight to males and 1 40,

470, and 2,050 mg/kg to females. No chemical-

related clinical signs of toxicity were noted.
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Hematology and Clinical Chemistry

Hematocrit, hemoglobin, and mean erythrocyte

volume values in males and females receiving

10.000 ppm were significantly lower than those of the

controls. Serum levels of alanine aminotransferase

and/or sorbitol dehydrogenase values in male and

female mice that received 10,000 ppm were signifi-

cantly higher than those of controls, which is consis-

tent with hepatocellular damage.

Pathology Findings

The administration of C.I. Direct Blue 218 to mice

produced significantly increased incidences of hepato-

cellular adenoma (0 ppm, 16/50; 1,000 ppm, 19/50;

3.000 ppm, 17/50; 10,000 ppm, 40/50) and hepato-

cellular carcinoma (7/50, 3/50, 8/50, 17/50) in males

receiving 10,000 ppm, and a significantly increased

incidence of hepatocellular adenoma in females

receiving 3,000 or 10,000 ppm (7/49, 12/50, 17/49,

41/49). In females that received 10,000 ppm, the

incidence of hepatocellular carcinoma was marginally

increased. Consistent with these findings, the inci-

dence of hepatocellular foci of cytologic alteration, a

preneoplastic lesion, was also increased in males and

females in the 10,000 ppm groups. The increased

incidences of hepatocellular foci, adenomas, and

carcinomas were considered chemical related.

Uncommon renal tubule neoplasms also occurred at

low incidences in male mice receiving C.I. Direct

Blue 218, but not in controls. Renal tubule adeno-

mas were seen in two males receiving 1,000 ppm, one

male receiving 3,000 ppm, and one male receiving

10.000 ppm. A renal tubule carcinoma was also seen

in one male that received 1,000 ppm. Because renal

tubule neoplasms are uncommon in male mice

(4/1,366, 0.3%; range 0%-2%), these neoplasms may
have been chemical related.

Carcinomas of the small intestine occurred in four

male mice receiving 10,000 ppm. One was observed

at the 15-month interim evaluation, while the other

three were observed in mice at the end of the study.

One control male mouse also had a carcinoma of the

small intestine. Because of the uncommon occur-

rence of small intestine neoplasms in untreated male

mice (12/1,374, 0.9%; range 0%-4%), the slightly

higher incidence of these neoplasms in males receiv-

ing 10,000 ppm may have been chemical related.

Carcinomas of the small intestine also occurred in

one 3,000 ppm and one 10,000 ppm female, but the

low incidences precluded drawing an association with

chemical administration.

Genetic Toxicology
C.I. Direct Blue 218 was not mutagenic in Salmonella

typhimurium strains TA98, TAIOO, TA1535, or

TA1537 tested with and without exogenous metabolic

activation (S9). It was also tested in a modified

Salmonella test protocol which employed reductive

metabolism supplied by flavin mononucleotide or rat

cecal bacteria, followed by oxidative metabolism;

results of this test using strain TA1538 were also

negative. C.I. Direct Blue 218 induced a small but

significant increase in sister chromatid exchanges in

Chinese hamster ovary cells at the highest dose tested

without S9. No increase in chromosomal aberrations

were observed in Chinese hamster ovary cells with or

without S9. C.I. Direct Blue 218 did not induce sex-

linked recessive lethal mutations in germ cells of

male Drosophila melanogaster.

Conclusions
Under the conditions of these 2-year feed studies,

there was some evidence of carcinogenic activity* of

C.I. Direct Blue 218 in male F344/N rats based on

the occurrence of pharyngeal neoplasms. Squamous

cell neoplasms of the forestomach may have been

chemical related. There was no evidence of carcino-

genic activity of C.I. Direct Blue 218 in female F344/N

rats given 1,000, 3,000, or 10,000 ppm. There was

clear evidence of carcinogenic activity of C.I. Direct

Blue 218 in male and female B6C3Fj mice based on

increased incidences of hepatocellular adenomas and

carcinomas. The occurrence of a few neoplasms of

the kidney and small intestine in male mice may have

been related to C.I. Direct Blue 218 treatment.

The administration of C.I. Direct Blue 218 produced

an increased incidence of forestomach basal cell

hyperplasia in rats and hepatocellular foci of

cytologic alteration in mice.

Explanation of Levels of Evidence of Carcinogenic Activity is on page 10. A summary of the Technical Reports Review Subcommittee

comments and the public discussion on this Technical Report appears on page 12.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicologv Studies of C.L Direct Blue 218

Variable Male

F344,'N Rats

Female

¥344 y Rats

Male

B6C3F^ Mice

Female

B6C3Fi Mice

Doses 0, 1,000. 3.000, or

10,000 ppm in feed

(0, 40, 120, or

440 mg,'kg)

0, 1.000, 3.000. or

10.000 ppm in feed

(0. 50, 140. or

470 mgkg)

0. 1.000, 3.000. or

10,000 ppm in feed

(0, 120, 360. or

1.520 mgkg)

0, 1.000. 3.000, or

10.000 ppm in feed

(0, 140, 470, or

2050 mgkg)

Body weights High-dose group

lower than controls

High-dose group

lower than controls

High-dose group

lower than controls

High-dose group

lower than controls

2-Year survival

rates

30/50, 25/50, 29/50,

24/51

35/51, 29/51. 31/50,

25/50

44 50, 46 50. 42'50,

45/50

37/49, 40/50,

46 49, 38.49

Nonneoplastic

effects

Forestomach: basal

cell hj'perplasia (0/50,

2/50. 10/50. 19/50)

Forestomach: basal

cell hvperplasia (1/50,

1/49. *5/50, 11/49)

Liven eosinophilic

foci (13, 50. 1250,

10/50. 2B/50); aU foci

(combined) 2250,

2250, 16/50, 3250

Liven eosinophilic

foci (11 '49, 7/50,

11/49, 21 49); all foci

(combined) 13/49,

11/50. 1" '49. 29 49

Neoplastic effects Phaiyax: squamous

cell papilloma (0/50.

0/50. 0/50, 5/50);

squamous cell

carcinoma (0/50, 0/50,

0/50, 1/50);

basosquamous tumor

benign (0/50, 0/50,

0/50.'^ 1/50)

None Liven hepatocellular

adenoma (16/50,

19/50, 17/50, 40/50);

hepatocellular carci-

noma (7/50. 3 50,

8/50, 17/50)

Liven hepatocellular

adenoma (7,49. 1250,

17/49. 41,49);

hepatocellular

carcinoma (5 49, 5/50,

6,49, 1249)

Uncertain findings Forestomach:

squamous cell

papilloma (0/50, 0/50,

2/50, 1/50): squamous

cell carcinoma (0/50,

0/50, 1/50. 0/50)

None Kidnev' (renal

tubule): adenoma

(0/50. 250, 1/50,

1/50); carcinoma

(0/50. 1/50. 0/50.

0/50): adenoma or

carcinoma (0 50, 3;50.

1/50, 1/50)

Small intestine:

carcinoma (1/50. 0/50.

0/50. 3 50)

None

Level of e\idence

of carcinogenic

activity Some esidence No evidence Clear evidence Clear evidence

Genetic toxicology

Salmonella typhimurium gene mutation:

Salmonella typhimurium \sith reducthe metabolism:

NegatNe with and without S9 in strains TA98. T.-MOO. T.M535. and

TA1537
Negative in strain T.A1538

Sister chromatid exchanges

Chinese hamster ovarv’ cells in vitro: Weakh' positive without S9; negathe with S9
Chromosomal aberrations

Chinese hamster ovarv' cells in vitro: Negative with and without S9
Sex-linked recessive lethal mutations

Drosophila melanogaster. Negatne when administered in feed or b%- injection
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the

evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of

neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are

conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under

the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other organizations,

such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on an examination of all

available evidence, including animal studies such as those conducted by the NTP, epidemiologic studies, and estimates of exposure.

Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in laboratory animals requires a wider

analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence

observed in each experiment; two categories for positive results (clear evidence and some evidence); one category for uncertain

findings (equivocal evidence); one category for no observable effects (no evidence); and one category for exp>eriments that cannot be

evaluated because of major flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983

and then revised in March 1986 for use in the Technical Report series to incorporate more specifically the concept of actual weight of

evidence of carcinogenic activity. For each separate expieriment (male rats, female rats, male mice, female mice), one of the following

five categories is selected to describe the findings. These categories refer to the strength of the experimental evidence and not to

potency or mechanism.

• Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related

(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked

increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to

malignancy.

• Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related

increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than

that required for clear evidence.

• Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal

increase of neoplasms that may be chemical related.

• No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related

increases in malignant or benign neoplasms.

• Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative

limitations, cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the

actual boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific exp>erience and

current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the

borderline between two adjacent levels. These considerations should include:

• adequacy of the experimental design and conduct;

• occurrence of common versus uncommon neoplasia;

• progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

• some benign neoplasms have the capacity to regress but others (of the same morphologic typ>e) progress. At present,

it is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent

course is to assume that benign neoplasms of those typ>es have the p>otential to become malignant;

• combining benign and malignant tumor incidence known or thought to represent stages of progression in the same

organ or tissue;

• latency in tumor induction;

• multiplicity in site-specific neoplasia;

• metastases;

• supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments

(same lesion in another sex or species);

• presence or absence of dose relationships;

• statistical significance of the observed tumor increase;

• concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

• survival-adjusted analyses and false positive or false negative concerns;

• structure-activity correlations; and

• in some cases, genetic toxicology.
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On December 1, 1992, the draft Technical Report on

the toxicology and carcinogenesis studies of

C.I. Direct Blue 218 received public review by the

National Toxicology Program Board of Scientific

Counselors Technical Reports Review Subcommittee.

The review meeting was held at the National Institute

of Environmental Health Sciences, Research Triangle

Park, NC.

Dr. J.K. Dunnick, NIEHS, introduced the toxicology

and carcinogenesis studies of C.I. Direct Blue 218 by

discussing the use and rationale for study (as part of

the NTP Benzidine Dye Initiative), describing the

experimental design, reporting on survival and body

weight effects, and commenting on compound-related

neoplastic and nonneoplastic lesions in rats and mice.

The proposed conclusions were some evidence of

carcinogenic activity for male F344/N rats, no evidence

of carcinogenic activity for female F344/N rats, and

clear evidence of carcinogenic activity for male and

female B6C3Fi mice.

Dr. Davidson, a principal reviewer, agreed with the

proposed conclusions. She said the background

information on the metabolism, toxicity, and carcino-

genicity of benzidine and benzidine-congener based

dyes was detailed and appeared representative of the

available literature.

Mr. Beliczky, the second principal reviewer, agreed

with the proposed conclusions. He thought a tabular

reference chart comparing results for various benzi-

dine dye derivatives should be included (Table 21).

Dr. Ward commented on the incidence of three

kidney neoplasms in male mice at the lowest dose,

wondering why this finding did not fall under clear

evidence as these are rare neoplasms and there was a

corresponding lack of renal toxicity. Dr. Dunnick

responded that the lack of a dose response and the

lack of statistical significance compared with the

controls led to the conclusion that these were only

uncertain findings. Dr. Davis questioned the ratio-

nale for the oral route of administration being

selected to mimic exposure in the home and work-

place, suggesting that dermal exposure was more
likely. Dr. Ryan noted the teratogenic effects

reported for the benzidine-based dyes and suggested

reproductive and developmental toxicology studies

would be appropriate. Dr. Dunnick reported that at

the time the benzidine-based dye studies were initi-

ated, potential for carcinogenesis was a primary

concern, but agreed that reproductive effects should

be, and are receiving, increasing priority.

Dr. Davidson moved that the Technical Report on
C.I. Direct Blue 218 be accepted with the revisions

discussed and with the conclusions as written for

male rats, some evidence of carcinogenic activity, for

female rats, no evidence of carcinogenic activity, and

for male and female mice, clear evidence of carcino-

genic activity. Mr. Beliczky seconded the motion,

which was accepted unanimously with ten votes.
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INTRODUCTION

C.I. DIRECT BLUE 218

CAS No. 28407-37-6

Major Component of C.I. Direct Blue 218

A copper complex of 3,3'-[(3,3'-dihydroxy[l,U-biphenyl]-4,4'-diyl)bis(azo)]bis

[5-amino-4-hydroxy-2,7-naphthalenedisulfonic acid] tetrasodium salt

Chemical Formula: (C,
2HigN^Oi^S4

Na
4
)^CUy Molecular Weight: Approx. 1,090

(assumes 2 copp>er ions p>er molecule)

Synonyms: cuprate(4-), [/x-[[3,3*-[(3,3*-dihydroxy[l,l ^-biphenyl]-4,4*-diyl)bis(azo)]bis[5-amino-4-h^droxy-

2,7-naphthalenedisulfonato]](8-)]]di-, tetrasodium; copper, [tetrahydrogen-3,3 -[(3,3 -dihydroxy-4,4 -biphenylylene)

bis(azo)]bis[5-amino-4-hydroxy-2,7-naphthalenedisulfonato](4-)]di-, tetrasodium salt; l-naphthol-3,6-disulfonic acid, 2,2 -

(3,3*-dihydroxy-4,4*-biphenylylenebisazo)bis[8-amino-, dicopper deriv., tetrasodium salt

Trade Names: Amanil Supra Blue 9GL; Carta Blue VP; Fastusol Blue 9GLP; Pontamine Bond Blue B; Solantine Blue lOGL;

Pontamine Fast Blue 7GLN;

Chemical and Physical
Properties
C.I. Direct Blue 218 is a dark blue solid with a salt

content of approximately 15%. C.I. Direct Blue 218

is produced by coupling one mole of o-dianisidine

(3,y-dimethoxybenzidine) to two moles of 4-amino-

5-hydroxy-2,7-naphthalene disulfonic acid under

alkaline pH conditions followed by metallizing and

elimination of methyl groups from the methoxides to

form the copper complex {Kirk-Othmer, 1978). The
lot of dye selected for study was characteristic of the

product currently used by the dye industry and the

chemical to which workers were potentially exposed.

The dye was desalted by dialysis to reduce the salt

content to approximately 1% to 3%, after which the

dye was a dark blue amorphous powder. The major

component accounted for approximately 60% of the

dye and the copper content of the dye was approxi-

mately 9%. More than 9 minor components (>1%)
were present in the dye and although it was not

possible to determine the definite structure of these

impurities, the reducible azo bond appeared to be

present in the majority of the impurities. Because of

limited solubility in water, the dye was administered

to animals in feed.

Use and Human Exposure
C.I. Direct Blue 218 is used as a dye for cellulose,

acetate, nylon, silk, wool, tissue, papers, and textile

goods with a urea-formaldehyde finish. Boeninger

(1980) reported the total use of benzidine-based dyes

as follows: 40% is used to color paper, 25% to color

textiles, 15% in leather, and 20% in diverse applica-

tions in the petroleum, rubber, plastics, wood, soap,

fur, and hair dye industries. The U.S. production of

C.I. Direct Blue 218 is 3.3 x 10* grams per year
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(USITC, 1985). Information on the amount of dye

imported was not reported in the open literature.

From a survey conducted from 1981 to 1983, the

National Institute for Occupational Safety and Health

(NIOSH) estimated that a total of 12,290 workers

might come into contact with C.I. Direct Blue 218 in

the textile and paper industries (NIOSH, 1990).

Industrial exposure to dyes may occur through

inhalation of dust or mist, accidental ingestion, or

direct contact with the skin. The potential for

exposure to C.I. Direct Blue 218 occurs during the

manufacturing process, from products containing the

dye, or from contaminated water supplies (USEPA,

1980; Fishbein, 1981; NIOSH, 1983).

Absorption, Distribution,
Metabolism, and Excretion
Experimental Animals
Metabolism studies of the azo dyes have generally

involved oral administration of the dye to rodents or

dogs followed by urinalysis to determine the presence

of the dye or metabolite. The dyes studied included

representative dyes derived from the various parent

congeners including those made from benzidine,

3,3'-dichlorobenzidine, 3,3'-dimethoxybenzidine,

2,2'-disulfobenzidine, or 3,3'-dimethylbenzidine.

While there have been no metabolism studies of

C.I. Direct Blue 218 reported in the literature,

information on the metabolism of structurally related

benzidine dyes shows that the azo bond in these dyes

is reduced by bacterial enzymes in the intestine, and

a small amount of orally administered dyes is ab-

sorbed and subsequently metabolized in the liver

(Lynn et al., 1984).

Metabolism of 3,3'-dimethylbenzidine-based and

3,3 ' -dimethoxybenzidine-based dyes to 3,3 ' -dimethyl-

benzidine and 3,3 '-dimethoxybenzidine occurs in dogs

and rats (Lynn et al., 1980). The urine of dogs and

rats was examined for the presence of benzidine

metabolites after a single oral dose (100 mg/kg) of a

series of azo dyes. The dyes administered included

benzidine-derived dyes (Direct Orange 1 or 8, Direct

Green 1, Direct Brown 2, Direct Black 4, Direct

Blue 2, or Direct Red 28); dimethoxybenzidine-

derived dyes (Direct Blue 15 or Blue 1); and

dimethylbenzidine-derived dyes (C.I. Direct Blue 25,

C.I. Acid Red 114, Direct Red 2 or 39). The parent

congeners for the dyes studied (benzidine,

3,3 '-dimethoxybenzidine, or 3,3'-dimethylbenzidine)

were detected in the urine of dogs and rats. In

addition, N-acetylated metabolites were also detected

in substantial quantities in rat urine while

N-acetylated metabolites were not detected in dog

urine, which is consistent with the observation that

dogs do not acetylate aromatic amines (Lynn et al.,

1980).

Studies by other investigators using other representa-

tive benzidine or benzidine-congener dyes have also

shown that the parent congener is excreted in the

urine (Nony and Bowman, 1980; Nony et al, 1980;

Bowman et al, 1982; Bos et al, 1984, 1986).

Bowman et al. (1982) administered 12 mg ^'’C-labeled

C.I. Direct Blue 15 per kg body weight or molar

equivalent doses of 3,3'-dimethylbenzidine or

3,3 '-dimethoxybenzidine to male F344 rats by oral

gavage. Approximately 19% of the label was recov-

ered in the urine of rats given C.I. Direct Blue 15;

35% to 40% of the label was recovered in the urine

of rats administered 3,3'-dimethylbenzidine or

3,3 '-dimethoxybenzidine.

The reductive cleavage of benzidine-congener azo

dyes is thought to occur primarily by bacterial

azoreductases in the intestinal tract (Martin and

Kennelly, 1981; Cerniglia et al, 1982; Brown and

Dietrich, 1983; Bos et al, 1984, 1986). Mammalian
tissues such as the liver also contain azoreductases,

but because of the highly polar nature of the

benzidine dyes, mammals do not absorb the intact

dyes to any great extent, and reduction of the azo

bond takes place primarily in the intestine (Walker,

1970). Studies in rats using representative azo dyes

showed that when the dye was administered by

intrasplenic infusion, most of the dye was excreted

unchanged in the bile, indicating that liver azo

reductases do not appear to play a major role in

cleavage of the azo linkages in these dyes (Radomski

and Mellinger, 1962).

Benzidine, benzidine congeners, and benzidine-based

dyes are believed to be carcinogenic only following

metabolic activation. Evidence for the increased

mutagenicity of benzidine following metabolic activa-

tion was provided by Lynn et al. (1984) and others

who reported that the glucuronide of N-hydroxy-

N,N-diacetylbenzidine was as much as 100 times more

mutagenic in the Salmonella!\\\ex S9 assay than

benzidine. Lynn et al (1984) have shown that after

oral administration of benzidine to rats, the major

metabolites in the urine were glucuronide conjugates
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of benzidine, N-acetylbenzidine, N,N' -diacetyl-

benzidine, 3-hydroxy-N,N ' -diacetylbenzidine, and free

N-acetyl- and N,N' -diacetylbenzidine. Biliary excre-

tion of N-acetylated benzidine metabolites occurred

in rats, while N-acetylated products of benzidine were

not detected in the bile or urine from dogs. The

major bile or urine metabolites found in the dog

were conjugated products of 3-hydroxybenzidine

(Lakshmi et al., 1990).

The presence of DNA alkylating products in tissues

of rodents are generally believed to be involved with

the occurrence of cancer. In the rodent liver benzi-

dine is metabolized to N-acetylbenzidine and oxidized

to N'-hydroxy-N-acetylbenzidine. Formation of the

latter compound is thought to initiate hepatic neo-

plasms in rodents. Martin et al. (1982) administered

benzidine to rats and identified N-(deoxy-

guanosin-8-yl)-N'-acetylbenzidine as a product of

DNA alkylation. It is possible that components in

the C.I. Direct Blue 218 dye may also form a similar

DNA alkylation product, although studies to deter-

mine the extent to which such metabolites are formed

have not been conducted.

Humans
There is no information on the metabolism of C.I.

Direct Blue 218 in humans, but studies of the related

chemical benzidine have shown that benzidine expo-

sure is related to the occurrence of urinary bladder

cancer (lARC, 1972a,b). Benzidine metabolites have

been found in the urine of workers exposed to

benzidine dyes in industrial settings (Genin, 1977;

Boeninger, 1980; NIOSH, 1980).

Studies to elucidate the benzidine metabolite respon-

sible for causing cancer in the urinary bladder of

humans have used the dog as a model system because

the N-acetylation of benzidine is not a predominant

route of metabolism in either the dog or human
(Lower and Bryan, 1973). Benzidine N-glucuronide

had recently been identified as a new metabolite of

benzidine in the dog and was found in the urine, bile,

and plasma (Babu et ai, 1992). It is hypothesized

that in humans and dogs the liver detoxifies benzidine

by forming benzidine N-glucuronide which is excreted

into plasma, filtered by the kidney, and accumulated

in urine. Acidic urine hydrolyzes N-glucuronide to

benzidine. Urinary bladder prostaglandin H synthe-

tase activates benzidine (Flammang et ai, 1989).

Several other studies have shown that metabolism of

benzidine is necessary for the formation of the

ultimate carcinogen in the urinary bladder. Wang

et al. (1990), using a rat implanted with a hetero-

tropic bladder that had been injected with a series of

benzidine dyes, found that induction of bladder

cancer occurred with N-hydroxy metabolites of

benzidine, but not with benzidine alone.

Lower benzidine UDP-glucuronosyltransferase

activity in the rodent may contribute to the lack of

formation of benzidine glucuronide, transport of

benzidine to the urinary bladder, and formation of

neoplasms at this site (Babu et al, 1992).

Toxicity
Experimental Animals
There are no toxicity studies reported in the litera-

ture for C.I. Direct Blue 218. Unpublished reports

submitted to the USEPA under the Toxic Substances

Control Act (TSCA) Program by Scientific Associ-

ates, Inc. (St. Louis, MO), reported that Solantine

Blue lOGL (C.I. Direct Blue 218) had acute oral

LD50 values of 3.3 g/kg in SASCO rats and 4 g/kg in

New Zealand albino rabbits. Acute dermal toxicity

was not observed when doses of more than 8 g/kg

were applied to the backs of New Zealand albino

rabbits. Details on the chemical composition of the

dye were not reported.

Reproductive toxicity studies have not been reported

for C.I. Direct Blue 218, but Wilson (1955) studied

the teratogenic potential of several 3,3'-dimethoxy-

benzidine (DMOB) or 3,3 ' -dimethylbenzidine (DMB)
based dyes in albino rats by injecting pregnant

females with a 1% aqueous solution of each dye on

days 7, 8
,
and 9 of gestation. Trypan Blue (DMB)

was the most potent teratogen, causing malformations

in 49% of living offspring, followed by Evans Blue

(DMB) which caused abnormalities in 14% of off-

spring, Niagara Blue 4B (DMOB), which caused

abnormalities in 4% of offspring, and Niagara Sky

Blue 6B (DMOB) which caused abnormalities in 3%
of offspring. The teratogenic effects of the azo dyes

were confirmed in a series of studies by Beaudoin and

Pickering (1960), Lloyd et al. (1965), Beck and Lloyd

(1966), Lloyd and Beck (1966), and Beaudoin (1968).

Although the purity and chemical charactcrizittion of

the dyes used were not reported, the abnormalities
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were generally similar to common spontaneous

malformations such as anencephaly, hydrocephaly,

and spina bifida.

Humans
No information on the toxicity of C.I. Direct

Blue 218 in humans has been reported.

Carcinogenicity
Experimental Animals
Toxicity and carcinogenicity studies of C.I. Direct

Blue 218 have not been reported, but studies of its

congener, 3,3'-dihydroxybenzidine have been

conducted. Bonser et al. (1956) reported that for

mice injected subcutaneously with 6 mg/kg benzidine

or 3,3'-dihydroxybenzidine twice a week for 52 weeks

and untreated thereafter, 7 of 60 mice receiving

benzidine developed liver neoplasms while no neo-

plasms were observed in mice receiving

3,3'-dihydroxybenzidine. Earlier studies by Baker

(1950) reported that liver neoplasms occurred in mice

receiving 300 mg 3,3'-dihydroxybenzidine three times

a week for 45 weeks; however the chemical used was

not pure. Pliss (1963) reported that 3,3' -dihydroxy-

benzidine produced treatment-related neoplasms in

skin and liver of rats, although this study contained

no information on the purity of the chemical or

details on the doses used.

Studies on structurally related chemicals including

benzidine, benzidine congeners, and dyes have been

reported to cause neoplasms in rodents (lARC,

1972a,b; Robens et al., 1980). However, many of the

early studies summarized below did not report on the

purity of the chemicals, toxicologic endpoints such as

survival and body weight, or histopathologic findings

of all major organ systems, and, in general, used a

small number of animals.

Benzidine has been identified as a carcinogen causing

hepatocellular, harderian gland, and lymphoreticular

neoplasms in mice (Bonser et al., 1956;

Vesselinovitch et al., 1975; Frith and Dooley, 1976);

Zymbal’s gland, hepatocellular, and mammary gland

carcinomas in rats (Spitz et al., 1950; Griswold et al.,

1968); hepatocellular carcinomas, adenomas, and

cholangiomas in hamsters (Saffiotti et al., 1967); and

urinary bladder neoplasms in dogs (Spitz et al., 1950;

Stula et al., 1978).

3,3'-Dimethoxybenzidine treatment was associated

with Zymbal’s gland, small intestine, and mammary
gland neoplasms in rats (Spitz et al., 1950; Pliss, 1963,

1965; Pliss and Zabezhinsky, 1970). In a lifetime

study of Syrian hamsters fed diets containing

1,000 ppm 3,3'-dimethoxybenzidine, the only

neoplastic finding after 114 weeks of exposure was a

transitional cell carcinoma of the urinary bladder

(Saffioti et al., 1967). Sellakumar et al. (1969)

conducted a similar study in which 10,000 ppm
3,3'-dimethoxybenzidine was administered in feed to

hamsters. Forestomach papillomas were detected in

37% of the exposed animals and in 2% of the con-

trols, but no urinary bladder lesions were detected.

Hadidian et al. (1968) administered 0.1 to 30 mg
3,3'-dimethoxybenzidine per day by gavage to rats for

50 weeks. A variety of neoplasms were reported, and

pooled results for all exposed male and female groups

included a few treatment-related neoplasms in the

urinaiy bladder, mammary gland, skin, and Zymbal’s

gland.

Toxicity and carcinogenicity studies of 3,3 '-dimethyl-

benzidine hydrochloride and 3,3' -dimethoxybenzidine

dihydrochloride were conducted by Schieferstein et al.

(1989, 1990). The BALB/c mouse was selected for

study because it had previously been shown to be

susceptible to chemically induced cancer of the

urinary bladder (Meigs et al., 1986), and the urinary

bladder was a target organ for benzidine compounds

in humans. 3,3 '-Dimethoxybenzidine at doses of 20

to 630 ppm or 3,3'-dimethylbenzidine at doses of 5 to

140 ppm were administered to mice in drinking water

for 112 to 116 weeks. No treatment-related neo-

plasms were reported with the exception of some
lung neoplasms in male mice treated with

3,3'-dimethylbenzidine. This is in contrast to the

findings reported by others in which benzidine was

reported to cause liver, lung, and harderian gland

neoplasms in B6C3Fj mice (Vesselinovitch et al.,

1975; Littlefield et al., 1983).

It is hypothesized that the formation ofDNA adducts

by metabolites of benzidine is responsible for muta-

tions which eventually lead to cancer at various target

sites (Talaska et al., 1987) and may be responsible for

activating oncogenes at the different target sites

(Reynolds et al., 1990). In the rodent liver benzidine

and related chemicals and dyes are found to be

acetylated (Martin et al., 1982; Kennelly et al., 1984).

Kennelly et al. (1984) have identified
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N-(dcoxyguanosin-8-yI)-N'-acetylbenzidine as the

major DNA adduct in the rat liver after benzidine

treatment. In in vitro studies using benzidine binding

to calf thymus DNA, Yamazoe et ol. (1988) have

shown that the major DNA adduct formed after

benzidine treatment is N3-(deoxyguanosin-

N7,C8-yl)-benzidine. The authors propose that this

may be the DNA adduct responsible for mutations in

the urinary bladder of humans and dogs. Additional

studies are needed to quantify the degree of cross-

linking caused by these adducts and the relationship

to carcinogenicity at specific target sites.

In the NTP studies of 3,3'-dimethoxybenzidine

dihydrochloride, 3,3'-dimethylbenzidine dihydro-

chloride, C.I. Direct Blue 15, and C.I. Acid Red 114

a similar spectrum of lesions in the Zymbal’s gland,

skin, liver, oral cavity, clitoral gland, and to a lesser

extent in the intestine of F344/N rats was observed

(NTP, 1990; 1991; 1992a,b). Some but not all of the

four chemicals/dyes tested caused increased incidences

of mesothelioma, mononuclear cell leukemia, and

neoplasms of the brain, mammary gland, lung, and/or

adrenal gland. Clear evidence of carcinogenic activity

due to preputial gland neoplasms was reported for

3,3' -dime thoxybenzidine dihydrochloride,

3,3'-dimethylbenzidine dihydrochloride, and

C.I. Direct Blue 15, but not for C.I. Acid Red 114.

In all four studies, the incidences of skin and liver

neoplasms were higher in male rats than in female

rats. C.I. Acid Red 114 and its parent congener,

3,3'-dimethylbenzidine dihydrochloride, caused a

higher incidence of liver neoplasms than did

C.I. Direct Blue 15 and its parent congener,

3,3'-dimethoxybenzidine dihydrochloride.

Two of the most common sites for neoplasms were

the Zymbal’s gland and the epidermis of the skin.

Most of the other chemicals tested by the NTP that

induced either Zymbal’s gland or skin neoplasms also

caused neoplasms at other sites, and like these

benzidine congeners/dyes, were mutagenic in the

Salmonella assay. These carcinogenic chemicals have

an aromatic amine functional group in common
which is considered to be a "structural alert" for

genotoxic activity (Ashby and Tennant, 1988). The
benzidine congener dyes do not appear to be

absorbed intact from the gastrointestinal tract, and
the neoplasms resulting from treatment with either

dyes or congeners may be caused by similar metabo-
lites.

Dose response relationships for the carcinogenicity of

the benzidine congener dyes and the parent amines

could not be established because of the high inci-

dence of neoplasms in most of the dosed groups

which resulted in the termination of the 3,3' -di-

methylbenzidine dihydrochloride, 3,3'-dimethoxy-

benzidine dihydrochloride, and C.I. Direct Blue 15

studies after 15 to 22 months. The C.I. Acid Red 114

studies continued for 2 years as planned.

There is evidence indicating that the activation of

proto-oncogenes and the loss of specific regulatory

substances, such as suppressor genes, may be distinct

steps in the process of carcinogenesis (Barrett et al.,

1987). Activated oncogenes have been detected in

only 3% of the spontaneous neoplasms in Fischer

rats while activated or N-ra^ have been

detected in 68% of epithelial neoplasms induced by

benzidine congeners and derived dyes (Reynolds

et al., 1990). Furthermore, the presence of these

activated oncogenes in several benign neoplasms

suggests that ras activation may be an early event in

the induction of neoplasms by these compounds.

Thus, the activation of ras genes by point mutation

may be a step in the induction of neoplasms, at least

in rats, by this class of benzidine-derived compounds.

Humans
An increased risk of urinary bladder cancer and

occupational exposure to aniline dye was first

reported by Rehn in 1895. Subsequently, exposure to

specific aromatic amines including 2-naphthyIamine,

aminobiphenyl, o-toluidine, and benzidine has been

associated with cancer in humans (Scott, 1952; Case

et al., 1954; Case, 1965; lARC, 1972a,b; Yoshida and

Miyakawa, 1973; Zavon et al., 1973; Ward et al.,

1991).

There are no studies in the literature that have

examined the potential risk of cancer and exposure to

C.I. Direct Blue 218, although epidemiologic studies

have shown an increased risk of urinary bladder

neoplasms and exposure to benzidine-based dyes in

general. Yoshida and Miyakawa (1973) reported that

the risk of urinary bladder neoplasms among dye

applicators in Japan was 6.8 times the expected rate.

Four of the specific benzidine-based dyes referred to

in this report included Direct Black .38, Direct

Green 1, Direct Red 17, and Direct Red 28. Genin

(1977) in a U.S.S.R. study found an increased inci-

dence of urinary bladder neoplasms in workers who
dried or ground benzidine-based dyes.
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Several recent studies have reported on the relation-

ship between urinary bladder neoplasms and exposure

to benzidine or its derived dyes. Xue-Yun et al.

(1990) reported an increased risk of urinary bladder

neoplasms in workers in Shanghai exposed to benzi-

dine from 1946 to 1976, but no increased risk of

bladder cancer in workers who used benzidine-derived

dyes in 43 textile printing and dyeing factories. The

authors suggest that the risk of bladder cancer in the

occupational setting exists primarily in the

presynthesis stage (where there is direct exposure to

benzidine) but not in the postsynthesis stages where

workers are exposed to dyes derived from benzidine.

The use of benzidine and other aromatic amines has

been regulated in Japan since 1972, but because of

the relatively long latency periods, urinary bladder

neoplasms are still occurring in industrial cities.

Shinka et al. (1991) evaluated dye workers in

Wakayama City, Japan where an increase in uro-

thelial neoplasms has been observed. They focused

on early detection of urinary bladder neoplasms, and

found that urinary cytology tests were responsible for

the early detection of 55% of bladder cancers. The

period from exposure to neoplasia ranged from 5 to

50 years, with a mean of 24 years. The peak inci-

dence of neoplasia occurred 25 years after the peak

benzidine production in 1955.

A study of all men employed from 1952 to 1985 by a

chemical plant in New Jersey showed an increase in

mortality from lung, liver, and bladder neoplasms in

those workers involved in azo dye production.

However, it was not possible to link the cancer with

exposure to a particular chemical (Delzell et al.,

1989). Concerns over exposure to known bladder

carcinogens including benzidine led Mason and

Vogler (1989) to set up a screening program to

monitor worker exposure to benzidine dyes and other

chemicals in the New Jersey plant. These studies

were also designed to detect early-stage bladder

cancer. Meigs et al. (1986) reported on the exposure

to benzidine and substituted benzidines (dichloro-

benzidine, dianisidine, and diorthotoluidine) in a

Connecticut plant that used and/or manufactured

these chemicals from 1945 to 1965. They found an

increased risk only for urinary bladder neoplasms.

Genetic Toxicity
Results of short-term genotoxicity tests with

C.I. Direct Blue 218 show no evidence of mutagenic

activity. It was negative in standard Salmonella

mutation assays which used strains TA98, TAIOO,

TA1535, and TA1537 in a preincubation protocol,

with and without liver S9 oxidative enzymes (Prival

et al., 1984; Mortelmans et al., 1986), and in modified

Salmonella tests with TA1538 which employed

reductive metabolism (from flavin mononucleotide or

rat cecal bacteria) in conjunction with S9 oxidative

metabolism (Prival et al., 1984; Reid et al., 1984a).

3,3'-Dihydroxybenzidine, a putative metabolite of

Direct Blue 218, was tested for mutagenicity in

Salmonella strains TA98 and TAIOO using standard

preincubation protocol, with and without rat and

hamster liver S9. It was mutagenic in TA98 and

TAIOO only in the presence of S9, and gave an

equivocal response in TAIOO without S9. In the

Reid et al. (1984a) study, approximately 50% of the

administered C.I. Direct Blue 218 was reduced by rat

cecal bacteria, as determined by spectrophotometric

analysis. However, the mutagenic potency of 3,3'-

dihydroxybenzidine is insufficient for it to have been

detected at the concentrations which would have

resulted from partial reduction of the C.I. Direct

Blue 218.

C.I. Direct Blue 218, administered by feeding or by

injection, did not induce sex-linked recessive lethal

mutations in germ cells of male Drosophila

melanogaster (Woodruff et al., 1985), nor did it

induce unscheduled DNA synthesis in hepatocytes of

male Fischer 344 rats treated in vitro or in vivo

(Mirsalis et al., 1983).

Study Rationale
The National Toxicology Program’s Benzidine Dye
Initiative was established to determine the toxicity

and carcinogenicity of representative dyes and conge-

ners. The five chemical/dyes selected for in vivo

toxicity and carcinogenicity testing are presented in

Figure 1, and include 3,3'-dimethylbenzidine dihydro-

chloride (NTP, 1992a), 3,3'-dimethoxybenzidine

dihydrochloride (NTP, 1990), C.I. Direct Blue 15

(NTP, 1992b), C.I. Acid Red 114 (NTP, 1991), and

C.I. Direct Blue 218.

Long-term studies of 3,3 ' -dimethylbenzidine dihydro-

chlorideand3,3'-dimethoxybenzidinedihydrochloride

were conducted in mice at the National Center for

Toxicological Research (NCTR). Therefore, the NTP
studies of 3,3'-dimethoxybenzidine dihydrochloride

and 3,3' -dimethylbenzidine dihydrochloride were
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conducted only in F344/N rats. Due to the limited

stability of 3,3'-dimethoxybenzidine dihydrochloride,

3,3'-dimethylbenzidine dihydrochloride, C.I. Direct

Blue 15, and C.I. Acid Red 114 in feed, these

compounds were administered in the drinking water.

C.I. Direct Blue 218, a copper chelated dye, was

selected for study because of its widespread use and

its non-mutagenic effects in standard tests of genotox-

icity. Due to its limited solubility in water, adminis-

tration was by feed to F344/N rats and B6C3Fj mice.
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MATERIALS AND METHODS

Procurement and
Characterization
OF C.I. Direct Blue 218
C.I. Direct Blue 218 was obtained in two lots.

Lot AT101681 was obtained from the Atlantic

Chemical Company, Nutley, NJ, and desalted by

Midwest Research Institute (Kansas City, MO).

Lt)t F472-18 was obtained from Ciba-Geigy Corpora-

tion and desalted by Atlantic Chemical Corporation.

After lot AT101681 was desalted, it was assigned lot

number M042382. The resultant salt content was

1.7% for lot M042382 and 0.7% for lot F47238.

Assistance in obtaining the dyes was provided by

Dyes Environmental and Toxicology Organization,

Inc., Scarsdalc, NY.

Identity and purity analyses were conducted on both

lots at Midwest Research Institute. The study dye, a

dark blue powder, was identified as C.I. Direct

Blue 218 by infrared and ultraviolctA'isible spectros-

copy. Purity was determined by elemental analysis,

weight loss on drying, azo group titrations, thin-layer

chromatography, and high performance liquid chro-

matography (HPLC). Elemental analysis values could

not be used to establish absolute purity or identity

but were consistent with an organic to copper ratio

of 1:2. Weight loss on drying for lots M042302 and

F47238 indicated water content of 6% and 11%,

respectively. Reduction titration of azo groups

indicated purity of 90% and 83% for lots M042302
and F47238, respectively. The titration estimates of

purity were probably enhanced by the presence of

reducible low molecular weight organic impurities

containing the azo group as well as inorganic copper

salts. Comparison of the lots by HPLC showed no

significant purity differences. The purity of the

desalted lots was determined to be approximately

60%.

Thin layer chromatographic analysis resolved a major

component and up to 13 impurities. As many as nine

impurities with peak areas greater than 1% were

detected by HPLC analysis, accounting for approxi-

mately 30% of the chromatographic peak area at a

detection wavelength of 254 nm and 25% at a

wavelength of 658 nm. No attempt was made to

identify the ehromatographic peaks. However, the

concentrations of benzidine and 3,3'-dimethoxy-

benzidine dihydrochloride were determined.

Benzidine could not be detected in either batch at

levels greater than 1 ppm. 3,3'-Dimethoxybenzidine

could not be detected in lot F47238 but was found at

a level of 7 ppm in lot M042382.

The identity of the chemical was confirmed by

infrared spectroscopy at the study laboratory. The

stability of the bulk chemical was monitored using

HPLC (major peak comparison to the reference

standard) and visible spectrophotometry at approxi-

mately 650 nm. No degradation of the study material

was detected.

Preparation and Analysis
OF Dose Formulations
The dose formulations were prepared by mixing

C.I. Direct Blue 218 with feed (Table HI). Dose

formulations were prepared prior to the initiation

and at the midpoint of the 14-day studies, prior to

the initiation and every 2 weeks for the 13-week

studies, and every 2 weeks in the 2-year studies.

Homogeneity was confirmed and the stability of the

dose formulations was established for 3 weeks when
stored in the dark at temperatures up to 25° C and

for 1 week when stored open to air and light.

Periodic analyses of the dose formulations of

C.I. Direct Blue 218 were conducted at the study

laboratory and at the analytical chemistry laboratory

using visible spectroscopy. For the 14-day studies,

the dose formulations were analyzed prior to study

initiation (Table H2). During the 13-week studies,

the dose formulations were analyzed at the initiation,

midpoint, and termination of the studies (Table H3).

During the 2-year studies, the dose formulations were

analyzed at least once every 8 weeks (Table H4). In

the 2-year studies, 92 of 93 dose formulations ana-

lyzed were within 10% of the target concentration.

Results of periodic referee analysis performed by the

analytical chemistry laboratory were in good

agreement with the results obtained by the study

laboratory (Table H5).
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14-Day Studies
Male and female F344/N rats and B6C3Fj mice were

obtained from Charles River Breeding Laboratories

(Portage, MI). At receipt the rats were 28 to 35 days

old and the mice were 35 to 42 days old. Rats and

mice were quarantined for 15 days. At this time, two

males and two females of each species were randomly

selected and evaluated for evidence of disease.

Groups of five male and five female rats and mice

received 0, 1,000, 3,000, 7,000, 15,000, or 30,000 ppm
C.I. Direct Blue 218 in feed for 14 days. Animals

were housed five per cage. Water and feed were

available ad libitum and feed consumption was

measured once a week. Clinical findings were re-

corded once daily. Animals were weighed at study

initiation, weekly, and prior to necropsy. A gross

necropsy was performed on all rats and mice. The
brain, heart, right kidney, liver, lung, right testis, and

thymus were weighed. Complete histopathologic

examinations were performed on 30,000 ppm animals;

the liver of all rats and mice and the thymus and

gallbladder of all mice were examined. Details of

study design and animal maintenance are summarized

in Table 1.

13-Week Studies
The 13-week studies were conducted to evaluate the

cumulative toxic effects of repeated exposure to

C.I. Direct Blue 218 and to determine the appropri-

ate exposure levels to be used in the 2-year studies.

Male and female F344/N rats and B6C3Fj mice were

obtained from Simonsen Laboratories, Inc. (Gilroy,

CA). Upon receipt, the rats were 36 to 43 days old

and the mice were 37 to 43 days old. The animals

were quarantined for 14 (rats) or 13 (mice) days

before exposure began. At this time, five rats and

five mice of each sex were randomly selected and

evaluated for evidence of disease. At the end of the

studies, serologic analyses were performed on five

rats and five mice of each sex using the protocols of

the NTP Sentinel Animal Program (Appendbc K).

Groups of 10 male and 10 female rats and mice

received 0, 3,000, 10,000, or 20,000 ppm C.I. Direct

Blue 218 in feed for 13 weeks. Animals were housed

five per cage. Water and feed were available

ad libitum, and feed consumption was measured

weekly. Clinical findings were recorded once daily.

The animals were weighed at the beginning of the

study, and weekly thereafter. Further details of study

design and animal maintenance are summarized in

Table 1.

At the end of the 13-week studies, blood was

collected from the orbital sinus of all animals for

clinical pathology analyses. The clinical pathology

parameters measured are listed in Table 1. A
necropsy was performed on all animals. The brain,

heart, right kidney, liver, lungs, right testis, and

thymus were weighed. Tissues for microscopic

examination were embedded in paraffin, sectioned to

a thickness of 4 to 6 fim and stained with hematoxylin

and eosin. A complete histopathologic examination

was performed on all controls, animals killed mori-

bund, and all 20,000 ppm animals. The liver of all

rats and the testis and epididymis of all male rats,

and the liver, gallbladder, and spleen of all mice were

examined microscopically. Table 1 lists the tissues

and organs routinely examined microscopically.

2-Year Studies
Study Design
Groups of 60 male and 60 female rats and mice

received 0, 1,000, 3,000, or 10,000 ppm C.I. Direct

Blue 218 in feed for 103 weeks. Ten rats and ten

mice per group were designated for interim evalua-

tions after 15 months of chemical administration.

Source and Spedflcation of Animals
Male and female F344/N rats and B6C3Fj mice were

obtained from Simonsen Laboratories, Inc. (Gilroy,

CA) for use in the 2-year studies. Rats were quaran-

tined for 12 days, and mice were quarantined for

15 days before the beginning of the studies. Five rats

and five mice of each sex were randomly selected and

evaluated for evidence of disease. Serology samples

were collected for viral screening. Rats and mice in

the 2-year studies were 6 to 7 weeks old at the

beginning of the studies. The health of the animals

was monitored during the studies according to the

protocols of the NTP Sentinel Animal Program

(Appendbc K).

Animal Maintenance
Rats were housed five per cage, and mice were

housed individually. Feed and water were available

ad libitum, and feed consumption was measured once

every 4 weeks (Appendbc I). Racks were rotated

every 2 weeks. Further details of animal maintenance

are given in Table 1. Information on feed composi-

tion and contaminants is provided in Appendbc J.
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Clinical Examinations and Pathology

Animals were observed twice daily. Clinical findings

were recorded weekly for the first 13 weeks, and

monthly thereafter. Animals were weighed at the

beginning of studies, weekly for the first 13 weeks,

and every four weeks thereafter. At the 15-month

interim evaluations blood was collected from the

orbital sinus of all animals to determine hematology

and clinical chemistry parameters and urine was

collected from rats. The clinical pathology param-

eters measured are listed in Table 1. The brain, liver,

right kidney, and spleen were weighed at the

15-month interim evaluations.

A complete necropsy was performed on all animals.

At necropsy, all organs and tissues were examined for

gross lesions, and all major tissues were fixed and

preserved in 10% neutral buffered formalin, pro-

cessed and trimmed, embedded in paraffin, sectioned,

and stained w-ith hematoxylin and eosin for micro-

scopic examination. Histopathologic examinations

were performed on all tissues with grossly visible

lesions. Tissues examined are listed in Table 1.

Microscopic evaluations were completed by the study

laboratory pathologist, and the pathology data w'ere

entered into the Toxicology Data Management
System. The slides, paraffin blocks, and residual wet

tissues were sent to the NTP archives for inventory,

slide/block match, and wet tissue audit. The slides,

individual animal data records, and pathology tables

were evaluated by an independent quality assessment

laboratory. The individual animal records and tables

were compared for accuracy, the slide and tissue

counts were verified, and the histotechnique was

evaluated. A quality assessment pathologist reviewed

the forestomach, liver, and pharynx in male rats, the

liver and uterus in female rats, the liver in male mice,

the liver and ovary in female mice, and miscellaneous

neoplasms in males and females of each species for

accuracy and consistency of lesion diagnosis.

The quality assessment report and slides w'ere

submitted to the NTP Pathology Working Group
(PWG) chair, who reviewed selected slides of tissues

when there was disagreement in diagnosis between

the laboratory and quality assessment pathologists.

The PWG reviewed all neoplasms of the pharynx and

forestomach of rats; all pancreatic islet cell neo-

plasms of male rats; discrepancies in diagnosis of

hepatocellular neoplasms in mice; all neoplasms of

the forestomach, kidney, and intestine of mice; and

miscellaneous neoplasms and nonneoplastic lesions.

The PWG consisted of the quality’ assessment pathol-

ogist and other pathologists experienced in rodent

toxicologic pathology. This group examined the

tissues without any know'ledge of exposure levels or

previously rendered diagnoses. When the consensus

opinion of the PWG differed from that of the labora-

tory pathologist, the diagnosis was changed. Thus,

the final diagnoses represent a consensus of

contractor pathologists and the PWG. Details of

these review procedures have been described, in part,

by Maronpot and Boorman (1982) and Boorman

e: al (1985). For subsequent analyses of pathology'

data, the diagnosed lesions for each tissue type were

evaluated separately or combined according to the

guidelines of McConnell er al (1986).

Statistical Methods

Survival Analyses

The probability of survival was estimated by the

product-limit procedure of Kaplan and Meier (1958)

and is presented in the form of graphs. Animals

were censored from the survival analyses if they were

found dead of other than natural causes or missing;

animals dying from natural causes were not censored.

Statistical analyses for possible dose-related effects on

survival used Cox’s (1972) method for testing two

groups for equality and Tarone’s (1975) life table test

to identify dose-related trends. All reported P values

for the survival analyses are two sided.

Calculation of Incidence

The incidences of neoplasms or nonneoplastic lesions

as presented in Tables Al, A5, Bl, B5, Cl, C5, Dl,

and D5 are given as the number of animals bearing

such lesions at a specific anatomic site and the

number of animals with that site examined micro-

scopically. For calculation of statistical significance,

the incidences of most neoplasms (Tables A3, B3, C3,

and D3) and all nonneoplastic lesions are given as

the ratio of the number of affected animals to the

number of animals with the site examined microscop-

ically. However, when macroscopic examination was

required to detect neoplasms in certain tissues (e.g.,

skin, intestine, harderian gland, and mammary gland)

before microscopic evaluation, or when neoplasms

had multiple potential sites of occurrence (e.g.,

leukemia or lymphoma), the denominators consist of

the number of animals on which a necropsy was

performed.
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Analysis of Neoplasm Incidences

The majority of neoplasms in these studies were

considered to be incidental to the cause of death or

not rapidly lethal. Thus, the primary statistical

method used was logistic regression analysis, which

assumed that the diagnosed neoplasms were discov-

ered as the result of death from an unrelated cause

and thus did not affect the risk of death. In this

approach, neoplasm prevalence was modeled as a

logistic function of chemical exposure and time.

Both linear and quadratic terms in time were

incorporated initially, and the quadratic term was

eliminated if it did not significantly enhance the fit of

the model. The exposed and control groups were

compared on the basis of the likelihood score test for

the regression coefficient of dose. This method of

adjusting for intercurrent mortality is the prevalence

analysis of Dinse and Lagakos (1983), further

described and illustrated by Dinse and Haseman

(1986). When neoplasms are incidental, this compar-

ison of the time-specific neoplasm prevalences also

provides a comparison of the time-specific neoplasm

incidences (McKnight and Crowley, 1984).

In addition to logistic regression, other methods of

statistical analysis were used, and the results of these

tests are summarized in the appendixes. These

include the life table test (Cox, 1972; Tarone, 1975),

appropriate for rapidly lethal tumors, and the Fisher

exact test and the Cochran-Arm itage trend test

(Armitage, 1971; Gart et ol., 1979), procedures based

on the overall proportion of tumor-bearing animals.

Tests of significance included pairwise comparisons of

each exposure group with controls and a test for an

overall dose-response trend. Continuity-corrected

tests were used in the analysis of tumor incidence,

and reported P values are one sided. The procedures

described in the preceding paragraphs were also used

to evaluate selected nonneoplastic lesions. For

further discussion of these statistical methods, see

Haseman (1984).

Analysis of Nonneoplastic Lesion Incidences

Because all nonneoplastic lesions in this study were

considered to be incidental to the cause of death or

not rapidly lethal, the primary statistical analysis used

was a logistic regression analysis in which lesion

prevalence was modeled as a logistic function of

chemical exposure and time. For lesions detected at

the interim evaluation, the Fisher exact test was used.

a procedure based on the overall proportion of

affected animals.

Historical Control Data
Although the concurrent control group is always the

first and most appropriate control group used for

evaluation, there are certain instances in which

historical control data can be helpful in the overall

assessment of tumor incidence. Consequently,

neoplasm incidences from the NTP historical control

database (Haseman et al, 1984, 1985) are included in

the NTP reports for neoplasms appearing to show
compound-related effects.

Analysis of Continuous Variables

Two approaches were employed to assess the signifi-

cance of pairwise comparisons between exposed and

control groups in the analysis of continuous variables.

Organ and body weight data, which have approxi-

mately normal distributions, were analyzed using the

parametric multiple comparison procedures of

Dunnett (1955) and Williams (1971, 1972). Hematol-

ogy, clinical chemistry, and urinalysis data which have

typically skewed distributions, were analyzed using

the nonparametric multiple comparison methods of

Dunn (1964) and Shirley (1977). Jonckheere’s test

(Jonckheere, 1954) was used to assess the significance

of the dose-response trends and to determine whether

a trend-sensitive test (Williams’ or Shirley’s test) was

more appropriate for pairwise comparisons than a

test that does not assume a monotonic dose-response

trend (Dunnett’s or Dunn’s test). Average severity

values were analyzed for significance using the Mann-
Whitney U test (Hollander and Wolfe, 1973).

Quality Assurance Methods
The 13-week and 2-year studies were conducted in

compliance with Food and Drug Administration

Good Laboratory Practice Regulations (21 CFR,
Part 58). In addition, as records from the 2-year

studies were submitted to NTP Archives, they were

audited retrospectively by an independent quality

assurance contractor. Separate audits covering

completeness and accuracy of the pathology data,

pathology specimens, final pathology tables, and a

draft of this NTP Technical Report were conducted.

Audit procedures and findings are present in the

reports and are on file at NIEHS. The audit findings

were reviewed and assessed by NTP staff so that all

discrepancies had been resolved or were otherwise

addressed during the preparation of this Technical

Report.
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(;l:nl:tic Toxicology
The gcnclic toxicity of C.I. Direct Blue 218 was

assessed by testing the ability of the chemical to

induce mutations in various strains of Salmonella

[yphimurium, and Salmonella typhimurium strain

TA1538 in rat cecal bacterial and flavin mononucleo-

tide reduction systems, to induce chromosome

damage in Chinese hamster ovary cells, and muta-

tions in Drosophila melanogaster. The protocols for

these studies and the results are given in Appendix E.

The genetic toxicity studies of C.I. Direct Blue 218

are part of a larger effort by NTP to develop a

database that would permit the evaluation of carcino-

genicity in experimental animals from the structure of

the chemical and its responses in short-term in vivo

genetic toxicity tests. These genetic toxicity tests

were originally developed to study mechanisms of

chemically induced DNA damage and to predict

carcinogenicity in animals, based on the electrophilic

theory of chemical carcinogenesis and the somatic

mutation theory (Miller and Miller, 1977; Straus,

1981; Crawford, 1985).

There is a strong correlation between a chemical’s

potential electrophilicity (structural alert to DNA
reactivity), mutagenicity in Salmonella, and

carcinogenicity in rodents. The combination of

electrophilicity and Salmonella mutagenicity is highly

correlated with the induction of carcinogenicity in

rats and mice and/or at multiple tissue sites (Ashby

and Tennant, 1991). Other in vitro genetic toxicity

tests do not correlate well with rodent carcinogenicity

(Tennant et al, 1987; Zeiger et al, 1990), although

these other tests can provide information on the

types of DNA and chromosome effects that can be

induced by the chemical being investigated. Data

from NTP studies show that a positive response in

Salmonella is currently the most predictive in vitro

test for rodent carcinogenicity (89% of the

Salmonella mutagens were rodent carcinogens), and

that there is no complimentarity among the in vitro

genetic toxicity tests. That is, no battery of tests that

included the Salmonella test improved the predictivity

of the Salmonella test alone. The predictivity for

carcinogenicity of a positive response in bone marrow
chromosome aberration or micronucleus tests is not

yet defined.
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Table 1

Experimental Design and Materials and Methods in the Feed Studies of C.I. Direct Blue 218

14-Day Studies 13-Week Studies 2-Year Studies

Study Laboratory

International Research and International Research and Microbiological Associates, Inc.,

Development Corporation Developmental Corporation, (Bethesda, MD)
(Mattawan, MI) (Mattawan, MI)

Strain and Species

Rats: F344/N Rats: F344/N Rats: F344/N

Mice: B6C3Fi Mice: B6C3Fp Mice: B6C3Fi

Animal Source

Charles River Breeding Laboratories, Simonsen Laboratories, Inc. Simonsen Laboratories, Inc.

Inc. (Portage, MI) (Gilroy, CA) (Gilroy, CA)

Time Held Before Studies

15 days Rats: 14 days Rats: 12 days

Average Age When Studies Began

Mice: 13 days Mice: 15 days

Rats: 6-7 weeks Rats: 7-8 weeks Rats: 6-7 weeks

Mice: 7-8 weeks Mice: 7-8 weeks Mice: 7 weeks

Date of First Dose

Rats: 7 July 1982 Rats: 21 December 1982 Rats: 15 May 1986

Mice: 30 June 1982 Mice: 20 December 1982 Mice: 13 August 1985

Duration of Dosing

Rats: 14 days Rats: 13 weeks Rats: 105 weeks

Mice: 14 days Mice: 13 weeks Mice: 105 weeks

Date of Last Dose
Rats: 20 July 1982 Rats: 21 March 1983 Rats: 5 May 1988

Mice: 13 July 1982 Mice: 20 March 1983 Mice: 12 August 1987

Necropsy Dates

Rats: 21 July 1982 Rats: 22 March 1983 Rats: 12-17 May 1988

Mice: 14 July 1982 Mice: 21 March 1983 Mice: 19-26 August 1987

Average Age at Necropsy

Rats: 8-9 weeks 20-21 weeks Rats: 110-112 weeks

Mice: 10 weeks Mice: 112-113 weeks

Size of Study Groups
5 males and 5 females 10 males and 10 females 60 males and 60 females

Method of Distribution

Distributed using a table of random

numbers.

Same as 14-day studies Same as 14-day studies

Animals per Cage
Rats: 5 Rats: 5 Rats: 5

Mice: 5 Mice: 5 Mice: 1
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Table 1

h:xperimental Design and Materials and Methods in the Feed Studies of C.I. Direct Blue 218 (continued)

14-I)ay Studies 13-Week Studies 2-Year Studies

Method of Animal Identification

Rats: Ear tag

Mice: Toe clip

Rats: Ear tag

Mice: Toe clip

Rats: Ear punch, toe clip

Mice: Ear tag, toe clip

Diet

NlH-07 open-formula mash diet

(Zeigler Brothers, Inc., Gardners,

PA), available ad libitum

Same as 14-day studies NIH-07 open formula powdered diet

(Zeigler Brothers, Inc., Gardners,

PA), available ad libitum

Maximum Storage Time for Feed

120 days from milling date Same as 14-day studies Same as 14-day studies

Water
Automatic watering system (Edstrom

Industries, Inc., Waterford, WI),

available ad libitum

Same as 14-day studies Same as 14-day studies

Cages

Polycarbonate (Hazelton Systems,

Inc., Aberdeen, MD or Lab Products,

Inc., Maywood, NJ), changed twice

weekly

Same as 14-day studies Polycarbonate (Lab Products, Inc.,

Rochelle Park, NJ) changed once

(mice) or twice (rats) weekly

Bedding

Heat-treated hardwood chips

(Northeastern Products,

Corporation,Warrensburg, NY),

changed twice weekly

Same as 14-day studies Same as 14-day studies

Cage Filters

Reemay spunbonded polyester (Snow

Filtration, Cincinnati, OH), changed

once every 2 weeks

Same as 14-day studies Same as 14-day studies

Racks

Stainless steel (Unifab Corporation,

Kalamazoo, MI or Wahmann
Manufacturing Co., Timonium, MO),

changed once every 2 weeks

Same as 14-day studies Stainless steel (Lab Products, Inc.,

Rochelle Park, NJ) change once

every 2 weeks

Animal Room Environment
Average temperature:

Rats: 23° C
Mice: 22° C

Average relative humidity:

Rats: 72%
Mice: 68%

Fluorescent light: 12 hours/day

Room air changes: 12 changes/hour

Average temperature:

Rats: 22° C
Mice: 22° C

Average relative humidity:

Rats: 43%
Mice: 49%

Fluorescent light: 12 hours/day

Room air changes: 13.5 changes/hour

Average tempierature:

Rats: 23° ± 1° C
Mice: 22° ± 1° C

Relative humidity:

Rats: 50% ± 10%
Mice: 56% ± 12%

Fluorescent light: 12 hours/day

Room air changes: 10 changes/hour
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Table 1

Experimental Design and Materials and Methods in the Feed Studies of C.I. Direct Blue 218 (continued)

14-Day Studies 13-Week Studies 2-Year Studies

Doses

0, 1,000, 3,000, 7,000, 15,000, or

30,000 ppm C.I. Direct Blue 218 in

feed

Type and Frequency of Observation

Observed twice daily; animal weighed

initially, weekly and at the end of the

studies; clinical findings recorded

daily; feed consumption measured

weekly.

Method of Sacrifice

Carbon dioxide asphyxiation

Necropsy

Necropsy performed on all animals.

Organ weights recorded for brain,

heart, right kidney, liver, lung, right

testis, and thymus.

Clinical Pathology

None

Histopathology

Complete histopathologic

examinations were performed on all

animals receiving 30,000 ppm. In

addition to gross lesions and tissue

masses, the tissues examined

included: adrenal gland, brain,

clitoral gland (rats), epididymis,

esophagus, gallbladder (mice), large

intestine (cecum, colon, rectum),

(continued)

0, 3,000, 10,000, or 20,000 ppm
C.I. Direct Blue 218 in feed

Same as 14-day studies

Same as 14-day studies

Necropsy performed on all animals.

Organ weights recorded for brain,

heart, right kidney, liver, lung, right

testis, and thymus.

Blood samples were collected from

the orbital sinus of all animals.

Hanatolo^: hematocrit, hemoglobin,

erythrocytes, mean erythrocyte

volume, mean erythrocyte

hemoglobin, mean erythrocyte

hemoglobin concentration, and

leukocyte count and differential

Clbucal chemistry: blood urea

nitrogen, alanine aminotransferase,

and sorbitol dehydrogenase

Complete histopathologic

examinations were performed on all

controls, all animals receiving

20,000 ppm, and all animals dying

early. In addition to gross lesions

and tissue masses, the tissues

examined included: adrenal gland,

brain, clitoral gland (rats), epididymis,

esophagus, gallbladder (mice), large

intestine (cecum, colon, rectum),

(continued)

0, 1,000, 3,000, or 10,000 ppm
C.I. Direct Blue 218 in feed

Observed twice daily; animals

weighed and clinical findings recorded

weekly for 13 weeks, and monthly

thereafter; feed consumption

measured every 4 weeks.

Same as 14-day studies

Necropsy performed on all animals.

Organ weights recorded for brain,

right kidney, liver, and spleen.

Blood samples were collected from

the orbital sinus of all animals at the

15-month interim evaluations.

Harujtoiogy: hemoglobin, hematocrit,

erythrocytes, mean erythrocyte

volume, mean erythrocyte

hemoglobin, mean erythrocyte

hemoglobin concentration, platelets,

reticulocytes, and leukocyte count and

differential

CUnical chemistry: blood urea

nitrogen (rats), creatinine (rats), total

protein (rats), albumin (rats), alkaline

phosphatase (rats), alanine

aminotransferase, creatinine kinase

(rats), sorbitol dehydrogenase

Uriruilysis: total bile acids (rats)

Complete histopathologic

examinations were p>erformed on all

rats and mice. Adrenal gland, bone

(including marrow), brain, clitoral

gland, epididymis, esophagus

gallbladder (mice), heart, kidney,

large intestine (cecum, colon,

rectum), liver, lung, mammary gland,

mandibular lymph node, mesenteric

lymph node, nose, ovary, pancreas,

(continued)
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I AHl.K i

Kx|>erimental Desljin and Materials and Methods in the Feed Studies of C.I. Direct Blue 218 (continued)

14-l)ay Studies 13-VVeek Studies 2-Year Studies

llistopatholo}>>' (continued)

small intestine (duodenum, jejunum,

ileum) heart, kidney, liver, lung,

mammary gland, mandibular lymph

mxle. mesenteric lymph node, nose,

ovary, pancreas, parathyroid gland,

pituitary gland, preputial gland (rats),

prostate gland, salivary gland, seminal

vesicle, skin, spleen, sternebrae,

stomach (forestomach and glandular),

testes, thyroid gland, trachea, thymus,

urinary bladder, and uterus. In

addition, the liver of all rats and mice

and the thymus and gall bladder of all

mice were examined.

small intestine (duodenum, jejunum,

ileum) heart, kidney, liver, lung,

mammary gland, mandibular lymph

node, mesenteric lymph node, nose,

ovary, pancreas, parathyroid gland,

pituitary gland, preputial gland (rats),

prostate gland, salivary gland, seminal

vesicle, skin, spleen, sternebrae,

stomach (forestomach and glandular),

testes, thyroid gland, trachea, thymus,

urinary bladder, and uterus. In

addition, the liver of all rats and

mice, kidney of female rats, testis and

epididymis of male rats, gallbladder

of all mice, and spleen of mice

receiving 3,000 and 10.000 ppm were

e.xamined.

parathyroid gland, pituitary gland,

preputial gland, prostate gland,

salivary gland, seminal vesicle, skin,

small intestine (duodenum, jejunum,

ileum), spleen, stomach (forestomach

and glandular), testis, thymius, thyroid

gland, trachea, urinary bladder, and

uterus.
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RESULTS

Rats
14-Day Study
All male and female rats survived to the end of the

study (Table 2). Male and female rats exposed to

30,(XX) ppm lost weight during the study and

appeared emaciated during the last week of the study.

Final mean body weights of other exposed groups of

male and female rats were similar to those of the

controls, although the mean body weight gain of male

rats receiving 15,000 ppm was lower than that of the

controls. Feed consumption by male and female rats

that received 30,000 ppm was less than that by

controls and feed spillage was observed at this

exposure level, apparently as a result of reduced

palatability of the diet.

Rats exposed to 30,000 ppm had a blue stain around

the mouth, eye, and nose, and rats exposed to 15,000

and 30,000 ppm excreted blue feces. At necropsy

15,0(X) and 30,000 ppm rats had mild to moderate

blue discoloration of the skin and intestine. Lower

absolute organ weights in the 30,000 ppm groups

were attributed to lower body weights. The relative

heart weights of 30,000 ppm males and females and

the relative thymus weight of 30,000 ppm males were

significantly lower than those of the controls

(Table FI).

Based on the lower final mean body weights observed

in the 30,000 ppm groups, the high dose selected for

the 13-week study was 20,000 ppm.

Table 2

Survival, Mean Body Weights, and Feed Consumption of Rats in the 14-Day Feed Study

of C.I. Direct Blue 218

Dose

(ppm)

Mean Body Weight (g)

Survival® Initial Final Change

Final Weight

Relative

to Controls

(%)

Feed

Consumption*^

Week 1 Week 2

Male

0 5/5 198 ± 7 247 ± 8 49 ± 2 16.8 14.7

1,000 5/5 198 ± 8 248 ± 9 49 ± 3 100 18.0 14.3

3,000 5/5 197 ± 9 243 ± 9 46 ± 4 98 18.1 14.3

7,000 5/5 198 ± 8 240 ± 7 42 ± 3 97 16.6 14.1

15,000 5/5 201 ± 8 238 ± 7 37 ± 1* 96 17.1 16.8

30,000 5/5 196 ± 10 190 ± 12»* -6 ± 4** 77 12.2** 13.3'

Female

0 5/5 138 ± 7 155 ± 7 16 ± 2 10.8 8.5

1,000 5/5 136 + 6 157 + 6 21 ± 2 102 11.0 10.1

3,000 5/5 139 ± 6 157 ± 6 18 ± 2 102 10.0 8.9

7,000 5/5 138 ± 6 156 ± 5 17 ± 1 101 10.7 8.4

15,000 5/5 141 ± 5 157 ± 5 16 ± 2 101 10.8 12.0

30,000 5/5 140 ± 4 139 ± 5 -1 ± 2** 90 8.1** 7.8'

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s lest

* P<0.01
® Number of animals surviving/number initially in group

Weights and weight changes are given as mean ± standard error.
^

Feed consumption is expressed as grams of feed consumed p>er animal p>er day.
^

Questionable values due to feed spillage
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13-Week Study
All male and female rats survived to the end of the

study (Table 3). The final mean body weights and

the mean body weight gains of male and female rats

receiving 20,000 ppm were significantly lower than

those of the controls. The final mean body weight of

male rats that received 20,000 ppm was 24% lower

than that of the controls and the final mean body

weight of female rats that received 20,000 ppm was

15% lower than that of the controls. The final mean

body weights of mates and females receiving

10.000 ppm were 4% lower than those of the con-

trols. Feed consumption by rats in exposed groups

was similar to that by the controls except in the

20.000 ppm groups, where feed spillage was noted.

Dietary levels of 3,000, 10,000, and 20,000 ppm were

estimated to deliver daily doses of approximately 200,

600, and 1,300 mg dye/kg body weight to males and

200, 800, and 1,400 mg/kg to females.

There were no clinical findings of toxicity. Blue

discoloration of the fur and skin occurred in all

exposed rats. Male and female rats receiving 10,000

and 20,000 ppm excreted blue feces.

The hematocrit, hemoglobin, mean erythrocyte

volumes, and mean erythrocyte hemoglobin in male

and female rats that received 10,000 and 20,000 ppm
were significantly lower than those of controls

(Table Gl). These findings are indicative of a

microcytic normochromic anemia and are suggestive

of sequestration or a deficiency of iron, possibly

secondary to extravascular hemolysis. Serum levels of

alanine aminotransferase and sorbitol dehydrogenase

in male and female rats receiving 20,000 ppm were

significantly higher than those of controls, which is

consistent with hepatocellular injury.

Table 3

Survival, Mean Body Weights, and Feed Consumption of Rats in the 13-Week Feed Study

of C.I. Direct Blue 218

Dose

(ppm)

Survival®

Mean Body Weight*’ (g)

Initial Final Change

Final Weight

Relative Feed

to Controls Consumption‘s

(%) Week 1 Week 13

Male

0 10/10 161 ± 5 334 ± 7 173 ± 6 14.4 16.4

3,000 10/10 161 ± 6 344 ± 4 183 ± 3 103 14.2 16.5

10,000 10/10 165 ± 7 322 ± 7 157 ± 6* 96 14.6 14.6

20,000 10/10 161 ± 7 255 ± 8** 93 ± 4 ** 76 12.8*^ 13.9‘

Female

0 10/10 119 ± 5 199 ± 4 81 ± 2 10.9 11.0

3,000 10/10 120 ± 4 205 ± 3 85 ± 3 103 10.3 12.0

10,000 10/10 118 ± 3 192 ± 2 74 ± 3 96 13.1 11.2

20,000 10/10 118 ± 3 169 ± 2‘* 51 ± 3** 85 10.7‘' 9.0‘

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

** P<0.01

® Number of animals surviving/number initially in group
*’ Weights and weight changes are given as mean ± standard error.

Feed consumption is expressed as grams of feed consumed p>er animal [)er day.

Questionable values due to feed spillage
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At necropsy, males and females that received

2().()()() ppm had blue discoloration of the skin and

subcutis, gastrointestinal tract, testis/epididymis, and

uterus. Blue discoloration of the gastrointestinal

tract was also observed in male and female rats

receiving 1(),(XK) ppm. The absolute and relative

kidney weights of male and female rats exposed to

l(),0(K)and 2(),(XK) ppm were significantly greater than

those of the controls (Table F2). The lower absolute

liver, lung, thymus, and testis weights of 20,(XX) ppm
rats were probably related to the lower body weights

that occurred in these groups.

The principal histologic lesions associated with the

administration of C.I. Direct Blue 218 for 13 weeks

occurred in the liver of males and the liver and

kidney of females (Table 4). The hepatic lesions

occurred primarily in males and females receiving

20,000 ppm and in males receiving 10,000 ppm. The
hepatic lesions were also slightly more frequent and

severe in males than in females. The overall severity

of the lesions was generally minimal.

The most consistent finding in the liver of male and

female rats was the presence of macrophages.

Tabi.k 4

Incidences of Selected lesions in Rats in the 13-Week Feed Study of C.I. Direct Blue 218

Dose (ppm) 0 3,000 10,000 20,000

Male

Liver“ 10 10 10 10

Necrosis*’ 2(1.5)^ 0 0 9* *(1.2)

Pigmented Macrophages 0 0 0 10**(1.5)

Multinucleatcd Hepatocytes** 0 0 6**(1.3) 7**(1.1)

Inflammation 2(1.5) 0 2 (1.0) 6 (1.2)

Bile Duct Hyperplasia 0 0 0 5*(1.0)

Kidney 10 0 0 10

Pigment 0
e - 10**(1.5)

Testis 10 10 10 10

Degeneration 0 0 0 7* *(2.9)

Females

Liver 10 10 10 10

Necrosis 1 (1.0) 1 (2.0) 0 2 (1.0)

Pigmented Macrophages 0 0 0 9**(1.1)

Multinucleated Hepatocytes 0 0 0 0

Inflammation 1 (1.0) 0 1 (1.0) 2(1.0)

Bile Duct Hyperplasia 0 0 0 3 (1.0)

Kidney 10 0 0 10

Microconcretions 7 (1.0) - - 9 (1.9)

Pigment 0 10**(1.8)

* Significantly different (P<0.05) from the control group by the Fisher exact test

*• P<0.01
* Number of animals with organ examined microscopically
*’ Number of animals with lesion

Average lesion severity for affected animals: 1 = minimal, 2 = mild, 3 = moderate

Diagnosed as nuclear alteration by the study pathologist

^ Organ not examined microscopically at this exposure level
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presumably Kupffer cells, containing pale yellow-

green intracytoplasmic pigment. The distribution of

the pigmented macrophages was primarily periportal,

but scattered pigmented macrophages were also

randomly distributed along the sinusoids. The

location and staining characteristics of the pigment

are consistent with iron porphyrin-containing pigment

possibly resulting from the lysis of erythrocytes. This

finding is also consistent with the hematology results

described above.

The principal lesions involving hepatocytes consisted

of minimal individual cell necrosis and increased

numbers of binucleated or multinucleated cells. The

individual cell necrosis usually involved a single or,

less frequently, small groups of hepatocytes scattered

randomly throughout the liver lobules (Plate 1).

Infrequently the necrotic cells were surrounded by a

few mononuclear inflammatory cells. The binu-

cleated and multinucleated hepatocytes were also

randomly distributed within the lobules (Plate 2).

The multinucleated cells were greatly enlarged and

contained four to eight nuclei per cell. Minimal bile

duct hyperplasia and periportal chronic inflammation

were also observed in some 20,000 ppm male and

female rats. The affected portal areas were generally

infrequent and randomly distributed. They contained

increased profiles of small ductules and infiltrates of

mononuclear inflammatory cells.

The kidneys of male and female rats receiving

20,000

ppm also contained pale, yellow-green, slightly

granular pigment within the cytoplasm of the proxi-

mal convoluted tubule epithelium. Hemoglobin

resulting from intravascular hemolysis is known to be

excreted by the renal glomerulus and absorbed by the

proximal convoluted tubule epithelium. Microcon-

cretions, consisting of intratubular, lamellated

concretions of mineral at the corticomedullary

junction (Plate 3) were observed in most control and

20,000

ppm female rats, but the number of microcon-

cretions in the kidney sections were increased in

females in the 20,000 ppm group. The mineral

concretions were not associated with necrosis, inflam-

mation, or other evidence of a host response. The
distribution, histologic appearance, and sex difference

observed in this study are similar to that reported to

occur spontaneously.

Minimal to mild degeneration of the seminiferous

epithelium was observed in the testes of seven of the

10 male rats receiving 20,000 ppm. The minimal

lesions involved one or a few tubules while the mild

lesions involved up to 25% of the tubules present.

The affected seminiferous tubules exhibited decreased

cellularity due to necrosis and loss of the germinal

epithelium, and some contained small amounts of

amorphous eosinophilic cellular debris or small

concretions of mineral. Occasional multinucleated

cells, representing fused spermatids, were seen in

tubule lumens.

Dose selection rationale: Based on lower final mean
body weights and the liver lesions observed in the

20,000

ppm groups, the high dose selected for the

2-year study was 10,000 ppm.
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2-Y1£AR SrUDY
Survival

Estimates of survival probabilities for male and

female rats are presented in Table 5 and in the

Kaplan-Meier curves in Figure 2. Survival of female

rats receiving 10,000 ppm was slightly, but not

significantly, lower than that of controls. Survival of

males that received 10,000 ppm and males and

females that received 1,000 or 3,000 ppm was similar

to that of controls.

Tablk 5

Survival of Rats in the 2-Year Feed Study of C.I. Direct Blue 218

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Male

Animals initially in study 60 60 60 60

15-Month interim evaluation^ 10 10 10 9

Natural deaths 7 3 5 9

Moribund 13 22 16 18

Animals surviving to study termination 30 25 29 24

Percent probability of survival at end of study*’ 60 50 58 48

Mean survival (days)*’ 638 652 655 631

Survival analysis** P= 0.285 P= 0.670 P=1.000N P=0.314

Female

Animals initially in study 60 60 60 60

15-Month interim evaluation® 9 9 10 10

Natural deaths 4 7 6 9

Moribund 12 15 13 16

Animals surviving to study termination 35 29® 31 25

Percent probability of survival at end of study 70 57 62 51

Mean survival (days) 648 642 642 609

Survival analysis P =0.086 P= 0.326 P=0.615 P =0.069

^ Censored from survival analyses: one high-dose male, one control female and one low-dose female designated for interim sacrifice

. . '-arJv and were not examined.

Kaplan-Meier determinations based on the number of animals alive on the first day of terminal sacrifice
^ Mean of all deatn.s (u'lC'^nsored, censored, and terminal sacrifice)

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons
(Cox, 1972) with the controls are in the exposed columns. A lower mortality in an exposure group is indicated by N.

^ Includes one animal that died during the last week of the study.
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Figure 2

Kaplan-Meier Survival Curves for Male and Female Rats

Administered C.I. Direct Blue 218 in Feed for 2 Years
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Body Weights, Feed Consumption,

and Clinical Findings

Mean body weights of male and female rats in the

10,(XX) ppm groups were approximately 5% to

14% lower than controls after week 15, and the final

mean body weights of male and female rats receiving

10,(XX) ppm were 11% and 9% lower than those of

the controls (Tables 6 and 7 and Figure 3). Feed

consumption by exposed male and female rats was

similar to that by controls (Tables II and 12).

Dietary levels of 1,000, 3,000, and 10,000 ppm were

estimated to deliver daily doses of approximately 40,

120, and 440 mg dye/kg body weight to males and 50,

140, and 470 mg/kg to females (Tables II and 12).

There were no clinical findings of toxicity attributable

to the administration of C.I. Direct Blue 218.

Hematology and Clinical Chemistry

The neutrophil counts of males that received 3,000

and 10,000 ppm were significantly lower than those of

the controls. The hematocrit, hemoglobin, mean
erythrocyte volume, and mean erythrocyte hemo-

globin values of females receiving 10,000 ppm were

significantly lower than those of the controls. In

males that received 10,000 ppm, only the mean
erythrocyte hemoglobin value was significantly lower

than that of the controls. Serum levels of alanine

aminotransferase and sorbitol dehydrogenase in males

and females receiving 10,000 ppm were slightly but

significantly higher than those of the controls

(Table G2). While these hematology and clinical

chemistry differences were considered chemical

related, they were slight and not clinically important.
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Table 6

Mean Body Weights and Survival of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218

Weeks 0 ppm 1,000 ppm 3,000 ppm 10,000 ppm
on Av. Wt No. of Av. WL WL (% of No. of Av. WL WL (% of No. of Av. WL WL (% of No. of

Study (g) Sun'ivors (g) controls) Survivors (g) controls) Survivors (g) controls) Survivors

1 119 60 120 100 60 122 103 60 123 103 60

2 156 60 154 98 60 156 100 60 154 99 60

3 190 60 189 99 60 192 101 60 190 100 60

4 217 60 217 100 60 221 101 60 216 99 60

5 237 60 231 98 60 233 99 60 234 99 60

6 257 60 250 97 60 256 100 60 251 98 60

7 273 60 271 99 60 274 100 60 268 98 60

8 287 60 285 99 60 290 101 60 283 98 60

9 302 60 300 100 60 305 101 60 298 99 60

10 304 60 312 103 60 318 105 60 311 102 60

11 325 60 324 100 60 329 101 60 320 99 60

12 334 60 332 99 60 337 101 60 327 98 60

13 343 60 340 99 60 346 101 60 336 98 60

17 379 60 364 96 60 378 100 60 360 95 60

21 399 60 388 97 60 397 100 60 371 93 60

25 411 60 405 98 60 407 99 60 378 92 60

29 425 60 422 99 60 433 102 60 401 94 60

33 436 60 432 99 60 444 102 60 409 94 60

37 446 60 440 99 60 448 100 60 410 92 60

41 452 59 444 98 60 453 100 60 408 90 60

45 456 59 449 98 60 450 99 60 415 91 59

49 466 59 454 97 60 462 99 60 419 90 59

53 465 59 454 98 60 462 99 59 420 90 59

57 467 59 454 97 59 458 98 59 415 89 59

61 461 59 447 97 59 456 99 59 414 90 59

65 466 58 454 97 59 456 98 59 413 89 58
69^ 469 48 456 97 49 458 98 49 420 90 47

73 466 48 459 99 49 455 98 49 410 88 47

77 465 47 458 99 49 461 99 48 420 90 43

80 463 45 458 99 49 457 99 47 416 90 43

85 460 41 454 99 49 457 99 46 411 89 40

89 455 39 441 97 46 442 97 46 405 89 37

93 454 36 434 96 40 449 99 44 403 89 37

97 450 35 451 100 33 445 99 41 401 89 34

101 453 31 439 97 31 443 98 32 387 86 29

104 443 30 439 99 26 437 99 30 394 89 24

Mean for weeks

M3 257 256 100 260 101 255 99

14-52 430 422 98 430 100 397 92

53-104 460 450 98 453 98 409 89

Interim evaluation occurred during week 66.
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Table 7

Mean Body Weights and Survival of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218

Weeks 0 ppm 1,000 ppm 3,000 ppm 10,000 ppm
on Av. WL No. of Av. Wt Wt (% of No. of Av. Wt Wt (% of No. of Av. Wt Wt (% of No. of

Study (g) Survivors (g) controls) Survivors (g) controls) Survivors (g) controls) Survivors

1 100 60 100 100 60 100 100 60 100 100 60

2 119 60 118 99 60 119 100 60 120 100 60

3 133 60 133 100 60 133 100 60 134 100 60

4 145 60 145 100 60 148 102 60 149 102 60

5 148 60 150 101 60 149 101 60 152 103 60

6 160 60 158 99 60 160 100 60 160 100 60

7 167 60 168 101 60 170 102 60 167 100 60

8 173 60 174 101 60 176 102 60 173 100 60

9 178 60 179 101 60 181 102 60 177 99 60

10 181 60 184 102 60 185 102 60 180 99 60

11 186 60 188 101 60 188 101 60 183 98 60
12 189 60 188 100 60 189 100 60 183 97 60
13 191 60 191 100 60 192 101 60 185 97 59
17 204 60 202 99 60 201 99 60 192 94 59

21 209 60 210 101 60 208 100 60 193 93 59
25 209 60 214 102 60 209 100 60 193 92 59
29 223 60 225 101 60 222 99 60 208 93 58
33 231 60 233 101 60 230 100 60 214 93 57
37 237 60 237 100 60 233 99 60 217 91 57
41 242 59 242 100 60 240 99 60 226 93 57
45 251 59 247 99 60 244 98 60 232 93 56
49 258 59 259 100 60 254 98 59 244 95 56
53 269 59 267 99 59 261 97 59 249 93 56
57 275 59 275 100 59 270 98 59 259 94 56
61 283 59 273 97 58 275 97 59 263 93 56
65 292 57 290 99 58 289 99 58 276 94 56
69^ 304 47 306 101 47 305 100 48 288 95 46
73 314 46 311 99 45 310 99 48 294 94 43
77 322 44 318 99 44 317 98 46 302 94 43
80 332 44 329 99 44 327 99 44 310 94 40
85 336 44 334 99 43 334 100 42 312 93 39
89 334 44 331 99 43 333 100 40 308 92 38
93 337 43 336 100 41 332 99 38 309 92 35
97 341 38 342 100 36 337 99 35 316 93 28
101 346 36 340 98 32 338 98 33 310 90 27
104 346 35 340 98 30 339 98 32 314 91 25

Mean for weeks

1-13 160 160 100 161 101 159 99
14-52 229 230 100 227 99 213 93
53-104 317 314 99 312 98 294 93

Interim evaluation occurred during week 66.
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Patholo^ and Statistical Analysis of Results

This section describes the statistically significant or

biologically noteworthy changes in the incidences of

neoplasms or nonneoplastic lesions of the pharynx,

forestomach, and uterus. Summaries of the

incidences of neoplasms and nonneoplastic lesions,

individual animal tumor diagnoses, statistical analyses

of primary neoplasms that occurred at an incidence

of at least 5% in at least one group, and the

historical incidences for the neoplasms mentioned in

this section are presented in Appendix A for male

rats and Appendix B for female rats.

Pharynx: Squamous cell papilloma occurred with a

significantly increased incidence in male rats that

received 1(),0()() ppm (Tables Sand A3) and exceeded

the NTP historical incidence for this neoplasm in

control male rats (10/1,253, 0.8%; range 0%-4%;

Table A4a). The incidence of squamous cell

papilloma in exposed female rats was not significantly

increased (Tables 8 and B3). In addition, two male

rats receiving 10,0(X) ppm had focal squamous epithe-

lial hyperplasia of the mucosa in the posterior

pharynx (Table A5). A squamous cell carcinoma oc-

curred in one male rat that received 10,000 ppm,

while another had a basosquamous tumor.

The squamous cell papillomas were exophytic,

polypoid masses composed of fronds of well-

differentiated, squamous epithelium supported by

cores of fibrovascular stroma which occasionally

formed a narrow base or stalk (Plate 4). The hyper-

plastic lesions of the posterior pharynx occurred as

irregularly raised, focal areas of thickened squamous

epithelium associated with mild hyperkeratosis and

hypertrophy of the basal epithelial cells.

Histologically, the squamous cell carcinomas were

exophytic papillary growths similar to the squamous

cell papillomas. However, neoplastic cells focally

invaded the fibrous stroma at the base of the squa-

mous cell carcinoma. The basosquamous tumor was

a well-demarcated lesion composed of irregular

clusters of proliferating basal cells some of which

exhibited focal squamous differentiation and keratin

formation.

Forestomach: The incidences of basal cell hyperplasia

in males receiving 3,000 or 10,000 ppm and in fe-

males receiving 10,000 ppm were significantly greater

than those of the controls (Table 9). Basal cell

hyperplasia was characterized by nodular down-

growths of small uniform cells with scant cytoplasm

and round or oval hyperchromatic nuclei (Plate 5).

While not significantly increased, the incidence of

focal squamous hyperplasia occurred more frequently

in the 3,000 and 10,000 ppm males than in the

controls. Focal squamous hyperplasia of the fore-

stomach was not observed in exposed or control

female rats. Squamous cell papillomas were also

observed in two males receiving 3,000 ppm and in

one male and one female receiving 10,000 ppm. No
papillomas were observed in control rats. The only

malignant epithelial neoplasm of the forestomach, a

squamous cell carcinoma, was seen in one 3,000 ppm
male.

While the basal cell hyperplasia was clearly associated

with the ingestion of C.I. Direct Blue 218, it is not

certain if the other proliferative lesions were

chemical related. Although the incidences of focal

squamous hyperplasia, squamous cell papilloma, or

squamous cell carcinoma were not significantly

greater than those of the controls, they occurred only

in rats receiving C.I. Direct Blue 218. Further,

squamous cell neoplasms of the forestomach are

relatively uncommon, and the incidence of three

papillomas or carcinomas in the 3,000 ppm males

exceeded the range in historical controls (4/1,253,

0.3%; range 0%-2%; Table A4b). Therefore, the low

incidences of squamous hyperplasia or squamous cell

papilloma in the exposed males may have been

chemical related.
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Table 8

Incidences ol Neoplasms and Nonneoplastic Lesions of the Pharynx of Rats

in the 2-Year Feed Study of C.I. Direct Blue 218

Dose (ppm) 0 1,000 3,000 10,000

Male

Pharynx® 50 50 50 50

Squamous Hyperplasia*’ 0 0 0 2

Squamous Cell Papilloma

Overall rate‘s 0/50 (0%) 0/50 (0%) 0/50 (0%) 5/50 (10%)

Adjusted rate** 0.0% 0.0% 0.0% 19.3%

Terminal rate® 0/30 (0%) 0/25 (0%) 0/29 (0%) 4/24 (17%)

First incidence (days)

Logistic regression test*

_g - - 684

P< 0.001 - - P =0.026

Squamous Cell Carcinoma

Overall rate 0/50 (0%)

Squamous Cell Papilloma or Squamous Cell Carcinoma**

0/50 (0%) 0/50 (0%) 1/50 (2%)

Overall rate 0/50 (0%) 0/50 (0%) 0/50 (0%) 6/50 (12%)
Adjusted rate 0.0% 0.0% 0.0% 23.3%

Terminal rate 0/30 (0%) 0/25 (0%) 0/29 (0%) 5/24% (21%)
First incidence (days) - - - 684

Logistic regression test P< 0.001 - - P=0.013

Basosquamous Tumor Benign

Overall rate 0/50 (0%) 0/50 (0%) 0/50 (0%) 1/50 (2%)

Female

Pharynx

Squamous Cell Papilloma*

Overall rate 1/50 (2%) 1/50 (2%) 0/50 (0%) 2/50 (4%)
Logistic regression test P= 0.305 P =0.720 P=0.524N P =0.490

^ Number of animals necropsied
** Number of animals with lesion
^ Number of neoplasm-bearing animals/number of animals necropsied
** Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

® Observed incidence in animals surviving until the end of the study

^ In the control column are the P values associated with the trend test. In the exptosed group columns are the P values

corresponding to pairwise comparisons between the controls and that exposed group. The logistic regression test regards these

lesions as nonfatal. A lower incidence in an exposure group is indicated by N.

^ Not applicable; no neoplasms in animal group
** Historical incidence for 2-year feed studies with untreated control groups (mean ± standard deviation): 10/1,253 (0.8% ± 1.4%);

range 0%-4%
' Historical incidence: 8/1,251 (0.6% ± 1.1%); range 0%-4%
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TabLK 9

Incidences of Neoplasms and Nonneoplastic Lesions of the Forestomach in Rats

in the 2-Year Feed Study of C.I. Direct Blue 218

I)(>s« (ppm) 0 1,000 3,000 10,000

Mule

Forcstomach* 50 50 50 50

Basal Cell Hyperplasia^ 0 2 (1.0)* 10**(1.0) 19**(1.4)

Squamous Cell Hyperplasia 1 (2.0) 1 (3.0) 6 (1.8) 4 (1.5)

Squamous Cell Papilloma

Overall rate“ 0/50 (0%) 0/50 (0%) 2/50 (4%) 1/50 (2%)

l^ogistic regression test* P= 0.337 P =0.230 P=0.455

Squamous Cell Carcinoma

Overall rate 0/50 (0%) 0/50 (0%) 1/50 (2%) 0/50 (0%)

Squamous Cell Papilloma or Squamous

Overall rate

Cell Carcinoma^

0/50 (0%) 0/50 (0%) 3/50 (6%) 1/50 (2%)

Logistic regression test P=0.370 ~ P=0.114 P=0.455

Female

Forestomach 50 49 50 49

Basal Cell Hyperplasia 1 (2.0) 1 (1.0) 5 (1.0) 11**(1.4)

Squamous Cell Papilloma**

Overall rate 0/50 (0%) 0/50 (0%) 0/50 (0%) 1/50 (2%)

•• Significantly different (P<0.05) from the control group by logistic regression

* Number of animals with forestomach examined microscopically

^ Number of animals with lesion

* Average severity grade of lesions in affected animals: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked

Number of animals with neoplasm per number of animals with forestomach examined microscopically

® In the control column are the P values associated with the trend test. In the exposed group columns are the P values

corresponding to pairwise comparisons between the controls and that exposed group. The logistic regression test regards these

lesions as nonfatal.

^ Not applicable; no neoplasms in animal group

® Historical incidence for 2-year feed studies with untreated control groups (mean ± standard deviation): 4/1,253 (0.3% ± 0.8%);

range 0%-2%
^ Historical incidence; 2/1,251 (0.2% ± 0.6%); range 0%-2%

Uterus: The incidences of endometrial stromal polyps

were significantly increased in exposed female groups

(0 ppm, 1/50; 1,0(X) ppm, 12/50; 3,0(X) ppm, 10/50;

10,000 ppm, 10/50; Table B3). However, the control

incidence was abnormally low, the incidences did not

increase with dose, and the incidences were within

the NTP historical range for this neoplasm

(205/1,251, 16%; range 2%-30%; Table B4a). Histo-

logically, the polyps were well vascularized, polypoid

masses predominantly composed of loosely arranged

stellate to spindle-shaped endometrial stromal cells

and covered by cuboidal endometrial mucosal cells.
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Mice
14-Day Study
All mice survived to the end of the study (Table 10).

Male and female mice exposed to 30,000 ppm lost

weight, and appeared emaciated and hyperactive

during the last week of the study. The final mean

body weights of other exposed groups were similar to

those of the controls. Feed consumption by exposed

groups was similar to that by controls, except for the

last week of the study, when the apparent amount of

feed consumed by the 15,000 and 30,000 ppm groups

was greater than that consumed by the controls. This

increased feed consumption was related to increased

feed spillage in these exposure groups.

Blue discoloration of the feces was observed in all

exposed groups of male and female mice. At necrop-

sy, the skin and gastrointestinal tracts of exposed

male and female mice had blue discoloration. In

male mice that received 15,000 ppm, the absolute and

relative liver weights were significantly greater than

those of the controls, and in males exposed to

30,000 ppm and females exposed to 15,000 and

30,000 ppm the relative liver weights were

significantly greater than those of controls

(Table F4). In the 30,000 ppm groups, there were

some significantly lower absolute organ weights which

were attributed to the lower body weights. The
relative heart weight of 30,000 ppm females and the

relative thymus weights of 30,000 ppm males and

females were significantly lower than those of the

controls (Table F4).

Based on the weight loss observed in the 30,000 ppm
groups, the high dose selected for the 13-week study

was 20,000 ppm.

Table 10

Survival, Mean Body Weights, and Feed Consumption of Mice in the 14-Day Feed Study

of C.I. Direct Blue 218

Dose

(ppm)

Survival® Initial

Mean Body Weiaht** (e)

Final Change

Final Weight

Relative

to Controls

(%)

Feed

Consumption‘S

Week 1 Week 2

Male

0 5/5 22.3 ± 0.9 24.0 ± 0.9 1.7 ± 0.1 2.4 2.6

1,000 5/5 22.3 ± 0.7 24.5 ± 0.9 2.2 ± 0.2 102 2.8 2.8

3,000 5/5 22.1 ± 0.7 24.2 ± 0.7 2.1 ± 0.2 101 2.6 2.5

7,000 5/5 22.0 ± 1.0 23.9 ± 0.8 1.9 ± 0.5 100 2.6 2.9

15,000 5/5 22.0 ± 0.9 22.3 ± 1.4 0.3 ± 0.6* 93 3.4 5.0*^

30,000 5/5 22.1 ± 0.9 17.9 ± 0.8** -4.2 ± 0.3** 75 4.0 5.6**

Female

0 5/5 17.5 ± 0.4 18.8 ± 0.4 1.2 ± 0.2 2.2 1.8

1,000 5/5 17.4 ± 0.7 18.3 ± 0.5 0.9 ± 0.3 98 2.1 2.4

3,000 5/5 17.8 ± 0.4 18.8 ± 0.2 1.0 ± 0.3 100 2.5 2.2

7,000 5/5 17.6 ± 0.8 18.7 ± 0.8 1.1 ± 0.2 100 2.7 2.7

15,000 5/5 17.1 ± 0.4 18.0 ± 0.3 0.9 ± 0.4 96 3.1 3.9**

30,000 5/5 17.9 ± 1.0 15.1 ± 0.8** -2.8 ± 0.4** 80 3.6 4.7**

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

“ P<0.01
® Number of animals surviving/number initially in group

Weights and weight changes are given as mean ± standard error.

Feed consumption is expressed as grams of feed consumed per animal p>er day.

Questionable values due to feed spillage
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13-Wfc:LK Study
There were no deaths attributed to the ingestion of

Cl. Direet Blue 218 (Table 11). Two male mice, one

receiving ppm and the other 10,000 ppm, died

during weeks 5 and 12, respectively. These deaths

were attributed to fighting that took place among the

group-housed males. All female mice survived to the

end of the study. The final mean body weights and

mean body weight gains of males and females that

received 20,(KX) ppm and males that received

10,(XX) ppm were significantly lower than those of the

controls. The final mean body weight of males that

received 20,(X)0 ppm was 24% lower than that of the

controls and the final mean body weight of females

receiving 20,0(X) ppm was 14% lower than that of the

controls. Feed consumption by exposed mice was

similar to that by the controls except in the

20,(XX) ppm groups, where feed spillage was noted

and slightly higher levels of feed consumption were

recorded. The dietary levels of 3,(XX), 10,000, and

20,000 ppm were estimated to deliver daily doses of

approximately 4(X), 1,500, and 3,600 mg dye/kg body

weight to males and 400, 1,800, and 4,000 mg/kg to

females.

There were no clinical signs of toxicity. The fur, skin,

and feces of all exposed groups of mice were

discolored blue.

Tabi.k 11

Survival, Mean Body Weights, and Feed Consumption of Mice in the 13-Week Feed Study

of C.I. Direct Blue 218

Dose

(ppm)

Mean Body Weight (g)

Survival® Initial Final Change

Final Weight

Relative

to Controls

(%)

Feed

Consumption*^

Week 1 Week 13

Male

0 10/10 23.7 ± 0.6 32.5 ± 0.9 8.8 ± 0.4 3.4 3.8

3,(X)0 9/10^^ 23.6 ± 0.6 30.8 ± 0.7 7.7 ± 0.5 95 3.5 3.7

10.000 9/10^ 23.4 ± 0.3 29.6 ± 0.2* 6.3 ± 0.3* 91 3.4 4.3

20,000 10/10 23.7 ± 0.5 24.8 ± 1.1** 1.1 ± 1.2** 76 3.8^ 4.9

Female

0 10/10 18.4 ± 0.4 25.5 ± 0.8 7.1 ± 0.7 3.1 3.5

3,000 10/10 18.6 ± 0.4 26.5 ± 0.8 7.9 ± 0.6 104 3.2 3.5

10,000 10/10 18.9 ± 0.4 24.2 ± 0.6 5.4 ± 0.3* 95 3.3 4.6

20,000 10/10 18.5 ± 0.3 21.8 ± 0.3** 3.3 ±0.5** 86 4.5
f

4.4

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

® Number of animals surviving/number initially in group
^ Weights given as mean ± standard error. Subsequent calculations are based on animals surviving to the end of the study.

Feed consumption is expressed as grams of feed consumed per animal per day.
** Week of death: 5

^ Week of death: 12
^ Questionable values due to feed spillage
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The hematocrit, hemoglobin, mean erythrocyte

volume, and mean erythrocyte hemoglobin values in

males receiving 10,000 and 20,000 ppm were signifi-

cantly lower than controls (Table G3). These find-

ings are indicative of a microcytic normochromic

anemia and are suggestive of sequestration or a

deficiency of iron, possibly secondary to extravascular

hemolysis. Mean erythrocyte volume and mean

erythrocyte hemoglobin values in female mice ex-

posed to 10,000 and 20,000 ppm were also significant-

ly lower than those of the controls. Serum levels of

alanine aminotransferase and sorbitol dehydrogenase

in male and female mice receiving 10,000 and

20,000

ppm were significantly higher than those of

controls (Table G3) and are consistent with the

hepatic injury observed microscopically.

At necropsy, there was blue discoloration of the liver

and kidneys of mice receiving 20,000 ppm. Most

absolute and relative organ weight differences in the

20,000

ppm groups were attributed to lower body

weights. However, despite the lower body weights of

the 20,000 ppm groups, the absolute liver weights of

mice in these groups were slightly greater and the

relative liver weights were significantly greater than

controls. This effect was attributed to the ingestion

of C.I. Direct Blue 218.

The principal histologic lesions associated with the

administration of C.I. Direct Blue 218 to mice

occurred in the liver and spleen (Table 12). Liver

lesions including centrilobular hepatocyte hyper-

trophy, karyomegaly, multifocal individual hepatocyte

necrosis, and oval cell proliferation were observed in

most mice receiving 20,000 ppm. The hepatic lesions

in the 10,000 ppm groups were minimal and consisted

only of hepatocyte hypertrophy and karyomegaly.

Hypertrophy of hepatocytes was primarily centrilob-

ular in distribution, but in some mice the change was

more extensive and involved midzonal and, infre-

quently, periportal hepatocytes as well. The affected

hepatocytes were enlarged with an increased amount

of eosinophilic cytoplasm and contained enlarged

nuclei (karyomegaly) (Plate 6). Some nuclei were

irregular rather than uniformly round and contained

inclusions of invaginated cytoplasm. The individual

cell necrosis was generally minimal in severity and

involved a few individual hepatocytes or small groups

of hepatocytes randomly distributed in the liver

lobules similar to that observed in rats. The macro-

phages or Kupffer cells containing intracytoplasmic

yellow-green pigment were observed in the periportal

areas and to a lesser extent in the hepatic sinusoids.

Unlike the rats receiving C.I. Direct Blue 218, prolif-

eration of oval cells was observed in male and female

mice. The oval cells radiated from the portal areas of

the lobule, separating and distorting the periportal

hepatic cords (Plate 7). The oval cells had scant

cytoplasm and small, dense, oval nuclei.

While the spleens of all mice in each of the exposed

and control groups contained hemosiderin-laden

macrophages in the red pulp, the number of pig-

mented macrophages was increased in males and

females receiving 20,000 ppm. The difference

between the exposed and control groups was easily

discernable, but generally slight. The increased

accumulation of hemosiderin in the spleen of

20,000

ppm mice is consistent with an increased rate

of destruction or lysis of erythrocytes and the

hematology findings.

Dose selection rationale: Based on lower final mean
body weights and on the liver lesions observed in the

20,000

ppm groups, the high dose selected for the

2-year study was 10,000 ppm.
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Tahi.k 12

Incidences of Selected I^esions in Mice in the 13-Week Feed Study of C.I. Direct Blue 218

Dose (ppm) 0 3,000 10,000 20,000

Mule

l.ivcr* 10 10 10 10

Mcpatocyte Hypertrophy^ 0 0 5 •(1.0)'= 10**(2.1)

Karyomegaly 0 0 5*(1.0) 10* *(1.9)

Necrosis 0 0 1 (1.0) 7**(1.0)

Oval Cell Hyperplasia 0 0 0 7**(1.6)

Pigmented Macrophages 0 0 1 (1.0) 10**(1.7)

Spleen 10 0 10 10

Pigmented Macrophages 10(1.1)
d

10 (1.9) 10 (2.1)

Female

Liver 10 10 10 10

Hepatocyte Hypertrophy 0 0 10*»(1.0) 10**(1.8)

Karyomegaly 0 0 10* *(1.0) 10**(1.5)

Necrosis 0 0 0 5*(1.0)

Oval Cell Hyperplasia 0 0 0 7**(1.3)

Pigmented Macrophages 0 1 (1.0) 0 9**(1.0)

Spleen 10 0 10 10

Pigmented Macrophages 10(1.1) 10 (2.0) 10 (2.1)

* Significantly different (P<0.05) from the control group by the Fisher exact test

•• P<0.01
* Number of animals with organ examined microscopically
^ Number of animals with lesion

' Average lesion severity for affected animals: 1 = minimal, 2 = mild, 3 = moderate

Organ not examined microscopically in these exposure groups
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2-Year Study
Survival

Estimates of the survival probabilities for male and

female mice are presented in Table 13 and in the

Kaplan-Meier curves in Figure 4. Survival rates of

exposed male and female mice were similar to those

of the controls.

Body Weights, Feed Consumption,

and Clinical Findings

The mean body weights of males and females receiv-

ing 10,000 ppm were 10% to 29% lower than those

of controls during most of the study, while the mean
body weights of 3,000 ppm males and females ranged

from 1% to 10% lower than those of controls. The
final mean body weights of 10,000 ppm males and

females exposed were 19% and 27% lower than those

of the controls (Tables 14 and 15 and Figure 5).

Feed consumption by exposed mice was similar to

that by controls (Tables 13 and 14). Dietary levels of

1,000, 3,000, and 10,000 ppm were estimated to

deliver daily doses of approximately 120, 360, and

1,520 mg dye/kg body weight to males and 140, 470,

and 2,050 mg/kg to females. There were no clinical

signs of toxicity attributed to C.I. Direct Blue 218.

Table 13

Survival of Mice in the 2-Year Feed Study of C.I. Direct Blue 218

Dose 0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Male

Animals initially in study 60 60 60 60

15-Month interim evaluation'^ 9 10 10 10

Natural deaths 3 2 5 4

Moribund 2 2 3 1

Accidental deaths^ 1 0 0 0

Missing® 1 0 0 0

Animals surviving to study termination 44 46 42 45

Percent probability of survival at end of study*’ 90 92 84 90

Mean survival (days)*’ 658 682 678 682

Survival analysis** P =0,857 p=0,949N P =0.602 P= 1.000N

Female

Animals initially in study 60 60 60 60

15-Month interim evaluation'® 10 10 10 10

Natural deaths 4 2 2 5

Moribund 8 8 1 5

Accidental deaths® 0 0 0 1

Missing® 1 0 1 1

Animals surviving to study termination 37 40 46 38

Percent probability of survival at end of study 76 80 94 80

Mean survival (days) 638 673 682 648

Survival analysis P = l.OOON P= 0.695N P=0.022N P=0.792N

^ Censored from survival analyses

Kaplan-Meier determinations based on the number of animals alive on the first day of terminal sacrifice
^ Mean of all deaths (uncensored, censored, and terminal sacrifice)

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons

(Cox, 1972) with the controls are in the exposed columns, A negative trend or lower mortality in an exposure group is indicated

by N,
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Table 14

Mean Body Weights and Survival of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218

Weeks 0 nnm 1,000 ppm 3,000 ppm 10,000 ppm
on Av. WL No. of Av. Wt WL (% of No. of Av. WL WL {% of No. of Av. WL WL (% of No. of

study (g) Survivors (g) controls) Survivors (g) controls) Survivors (g) controls) Survivors

1 20.3 60 19.2 95 60 19.7 97 60 19.5 96 60

2 22.1 60 21.6 98 60 21.2 96 60 20.8 94 60

3 22.9 60 22.6 99 60 22.2 97 60 21.4 93 60

4 24.3 60 23.9 98 60 22.9 94 60 21.9 90 60

5 24.7 59 23.8 96 60 24.8 100 60 22.8 92 60

6 26.1 59 25.4 97 60 24.9 95 60 23.6 90 60

7 26.5 59 25.9 98 60 25.5 96 60 23.5 89 60

8 26.5 59 25.8 97 60 25.2 95 60 23.6 89 60

9 27.5 59 27.0 98 60 26.3 96 60 24.5 89 60

10 28.2 59 27.9 99 60 27.3 97 60 25.4 90 60

11 29.3 59 29.0 99 60 27.7 95 60 25.9 88 60

12 30.5 59 30.4 100 60 28.5 93 60 26.4 87 60

13 31.0 59 30.3 98 60 29.3 95 60 26.8 87 60

18 33.8 58 33.1 98 60 32.5 96 60 29.0 86 60

21 35.7 58 34.9 98 60 34.5 97 60 31.1 87 60

25 38.0 58 37.0 97 60 36.4 96 60 32.0 84 60

29 38.5 58 37.3 97 60 36.9 96 60 32.9 86 60

33 40.4 58 39.3 97 60 38.7 96 60 33.8 84 60

37 41.2 58 40.9 99 60 39.5 96 60 35.5 86 60

41 43.2 58 42.0 97 60 41.1 95 60 36.1 84 60

45 43.9 58 43.2 98 60 42.1 96 60 37.1 85 60

49 45.7 58 43.8 96 60 43.3 95 60 37.8 83 60

53 46.0 58 44.2 96 60 43.7 95 60 38.5 84 60

57 45.2 57 44.0 97 60 43.5 96 60 39.5 87 60

61 45.7 57 44.7 98 60 44.6 98 60 39.1 86 60

65 46.8 57 45.3 97 60 44.8 96 60 38.9 83 60
69^ 46.7 48 45.7 98 49 44.4 95 50 38.6 83 50

73 47.0 48 46.3 99 49 44.2 94 50 38.2 81 50

77 46.9 47 46.7 100 49 45.2 96 49 38.6 82 50

81 47.2 47 46.4 98 49 45.3 96 49 38.3 81 50

85 47.8 47 46.1 96 49 44.8 94 49 38.2 80 48

89 44.8 46 45.0 100 49 43.9 98 49 36.9 82 48

93 44.9 46 44.0 98 49 43.3 96 48 36.3 81 48

97 43.5 45 43.2 99 47 42.1 97 45 35.1 81 47

101 41.3 44 40.6 98 46 40.3 98 43 33.5 81 46

105 41.4 44 39.7 96 46 40.8 99 42 33.5 81 45

Mean for weeks

1-13 26.1 25.6 98 25.0 96 23.5 90

14-52 40.0 39.1 98 38.3 96 33.9 85

53-105 45.4 44.4 98 43.6 96 37.4 82

Interim evaluation occurred during week 65.
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I ahi I 15

Mi-un llody Weights aiul Survival of P'emale Mice in the 2-Year Feed Study of C.I. Direct Blue 218

\\>rk.s 0 i>i>ni 1,000 ppm 3,000 ppm 10,000 ppm
on Av. \Vt No. of Av. WL Wt (% of No. of Av. Wt Wt (% of No. of Av. WL WL (% of No. of

study (K) Survivors (g) controls) Survivors (g) controls) Survivors (g) controls) Survivors

i 16.0 60 16.5 103 60 17.0 106 60 16.5 103 60

2 18.5 60 18.2 98 60 18.2 98 60 17.5 95 60

3 19.4 60 19.0 98 60 18.5 95 60 17.9 92 60

•t 19.6 60 19.4 99 60 19.8 101 60 18.6 95 60

5 22.1 60 21.4 97 60 20.9 95 60 19.5 88 60

(> 22.4 60 21.7 97 60 20.8 93 60 19.9 89 60

7 22 7 59 22.6 100 60 21.6 95 60 20.6 91 59

8 23.4 59 23.4 100 60 22.5 96 60 21.5 92 59

0 24.5 59 24.1 98 60 22.7 93 60 21.4 87 59

10 25.1 59 24.9 99 60 24.0 96 60 22.1 88 59

il 25.7 59 25.9 101 60 24.5 95 60 22.6 88 59

12 26.1 59 26.2 100 60 25.0 96 60 23.3 89 59

13 27.2 59 26.4 97 60 25.6 94 60 23.5 86 59

18 30.3 58 29.1 96 60 27.7 91 60 25.5 84 58

21 32.8 58 31.2 95 60 29.7 91 60 27.5 84 58

25 35.2 58 34.7 99 60 31.8 90 60 29.3 83 58
29 .35.9 57 36.1 101 60 33.4 93 60 30.4 85 58
33 .37.6 57 38.3 102 60 35.4 94 60 31.6 84 58
37 39.4 57 39.9 101 60 35.9 91 60 32.8 83 58
41 40.3 57 40.6 101 60 38.0 94 60 33.0 82 58
45 40.9 57 42.0 103 60 39.0 95 60 33.8 83 58
49 43.3 57 42.9 99 60 41.1 95 60 34.8 80 58
53 43.8 57 44.1 101 60 42.4 97 60 35.4 81 58
57 44.1 56 45.0 102 60 42.5 96 60 36.1 82 58
61 44.5 55 45.2 102 60 42.8 96 60 35.4 80 58
65 45.0 56 44.2 98 60 42.7 95 60 35.6 79 57
69^ 46.5 46 45.6 98 50 44.2 95 49 35.4 76 47
73 47.2 46 45.4 96 50 44.1 93 49 35.3 75 46
77 47.2 45 46.4 98 49 44.8 95 48 35.4 75 46
81 46.1 45 45.9 100 48 44.4 96 48 34.6 75 44
85 46.4 44 46.1 99 47 44.2 95 48 34.4 74 43
89 44.5 42 44.9 101 47 43.2 97 48 33.6 76 43
93 44.8 40 43.3 97 45 42.9 96 48 32.6 73 43
97 43.6 40 42.6 98 42 40.6 93 48 30.9 71 43

101 40.3 38 40.3 100 40 38.2 95 47 28.6 71 40
105 40.0 37 39.7 99 40 37.8 95 46 29.0 73 38

Mean for weeks

1-13 22.5 22.3 99 21.6 96 20.4 91
14-52 37.3 37.2 100 34.7 93 31.0 83
53-105 44.6 44.2 99 42.5 95 33.7 76

Interim evaluation occurred during week 65.
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Growth Curves for Male and Female Mice Administered C.I. Direct Blue 218 in Feed for 2 Years
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llematolofiy and Clinical Chemistry

Hematocrit, hemoglobin, and mean erythrocyte

volumes in males and females that received

1(),(KX) ppm were significantly lower than those of

controls (Table G4). Although statistically signifi-

cant, the decreases were slight and not clinically

important. Scrum levels of alanine aminotransferase

and/or sorbitol dehydrogenase in male and female

mice receiving 10,(XK) ppm were slightly but signifi-

cantly higher than those of controls indicating

hepatocellular damage.

Patholofiy and Statistical Analysis of Results

This section describes the statistically significant or

biologically noteworthy changes in the incidences of

neoplasms or nonneoplastic lesions of the liver,

kidney, small intestine, and lung. Summaries of the

incidences of neoplasms and nonneoplastic lesions,

individual animal tumor diagnoses, statistical analyses

of primary neoplasms that occurred at an incidence

of at least 5% in at least one study group, and the

historical incidences for the neoplasms mentioned in

this section are presented in Appendix C for male

mice and Appendix D for female mice.

Liver: Despite the significantly lower body weights,

the absolute liver weights of male and female mice

receiving 10,000 ppm were similar to or slightly

greater than those of the controls, and the relative

liver weight of female mice receiving 10,000 ppm was

significantly greater than that of controls at the

15-month interim evaluation (Table F6). This effect

is consistent with findings in the 13-week study.

The incidences of hepatocellular foci (all types

combined) in males and females receiving 10,000 ppm
were significantly greater than those of controls at

the 15-month interim evaluation (Tables 16, C5,

and D5). Hepatocellular adenomas also occurred in

exposed female mice (Tables 16 and Dl). One
hepatocellular carcinoma occurred in a male control

mouse, and another in a female receiving 10,000 ppm.

In the 2-year study, the incidences of hepatocellular

foci (all types combined) were slightly increased in

males receiving 10,000 ppm and significantly

increased in females receiving 10,000 ppm. Similarly,

the incidences of hepatocellular adenoma were

significantly increased in males that received

10,000 ppm and females that received 3,000 and

10,000 ppm (Tables 16, C3, and D3). There was a

significantly increased incidence of hepatocellular

carcinoma in male mice receiving 10,000 ppm. The

incidence in females was also increased, but not

significantly. The incidences of adenoma and

carcinoma (combined) in the 10,000 ppm groups

(males 90%; females 92%) far exceeded the range of

historical incidences in untreated controls (Tables 16,

C4, and D4).

Table 16

Incidences of Neoplasms and Nonneoplastic I>esions of the Liver of Mice

in the 2-Year Feed Study of C.I. Direct Blue 218

Dose (ppm) 0 1,000 3,000 10,000

Male

15-Month Interim Evaluation

Liver^ 9 10 10 10

Basophilic Focus^ 0 1 0 3

Mixed Cell Focus 0 1 0 0

Eosinophilic Focus 0 0 0 2

All Foci (combined) 0 1 0 5*

Hepatocellular Adenoma 0 0 0 1

Hepatocellular Carcinoma

(continued)

1 0 0 0
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Table 16

Incidences of Neoplasms and Nonneoplastic Lesions of the Liver of Mice

in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

Dose (ppm) 0 1,000 3,000 10,000

Male (continued)

2-Year Study

Liver 50 50 50 50

Basophilic Focus 7 5 4 9

Eosinophilic Focus 13 12 10 28«*

Mixed Cell Focus 3 5 2 1

All Foci (combined) 22 22 16 32

Hepatocellular Adenoma (Si

Overall rate‘s

ingle or Multiple)

16/50 (32%) 19/50 (38%) 17/50 (34%) 40/50 (80%)
Adjusted rate^* 34.7% 40.4% 38.6% 81.6%

Terminal rate® 14/44 (32%) 18/46 (39%) 15/42 (36%) 36/45 (80%)

First incidence (days) 519 689 686 576

Logistic regression test*^ P< 0.001 P=0.371 P=0.526 P<0.001

Multiple Hepatocellular Adenoma
Overall rate 4/50 (8%) 10/50 (20%) 10/50 (20%) 31/50 (62%)

Hepatocellular Carcinoma

Overall rate 7/50 (14%) 3/50 (6%) 8/50 (16%) 17/50 (34%)

Adjusted rate 15.97o 6.5% 17.1% 36.0%

Terminal rate 7/44 (16%) 3/46 (7%) 4/42 (10%) 15/45 (33%)
First incidence (days) 737 (T) 737 (T) 622 568

Logistic regression test P<0.001 P=0.141N P= 0.506 P=0.019

Hepatocellular Adenoma or

Overall rate

Carcinoma”

21/50 (42%) 20/50 (40%) 23/50 (46%) 45/50 (90%)
Adjusted rate 45.5% 42.6% 48.8% 90.0%

Terminal rate 19/44 (43%) 19/46 (41%) 18/42 (43%) 40/45 (89%)
First incidence (days) 519 689 622 568

Logistic regression test P< 0.001 P=0.451N P=0.446 P<0.001

Female

15-Month Interim Evaluation

Liver 10 10 10 10

Eosinophilic Focus 0 0 0 6**

Clear Cell Focus 0 0 2 1

Basophilic Focus 0 0 0 1

All Foci (combined) 0 1
'> 8**

Hepatocellular Adenoma 0 1 1 1

Hepatocellular Carcinoma 0 0 0 1

(continued)
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Incidences of Neoplasms and Nonneoplastic Lesions of the Liver of Mice

in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

Dose (ppm) 0 1,000 3,000 10,000

Female (continued)

2-Y'eur Study

Liver 49 50 49 49

Basophilic Focus 4 2 6 7

Clear Cell Focus 2 2 1 12»*

Eosinophilic Focus 11 7 11 21*

Mixed Cell Focus 1 1 0 0

All Foci (combined) 13 11 17 29* «

Hepatocellular Adenoma (Single or Multiple)

Overall rale 7/49 (14%) 12/50 (24%) 17/49 (35%) 41/49 (84%)

Adjusted rate 18.4% 30.0% 36.1% 91.1%

Terminal rate 6/37 (16%) 12/40 (30%) 16/46 (35%) 34/38 (89%)

First incidence (days) 701 739 (T) 676 541

Logistic regression test P<0.001 P=0.185 P=0.041 P<0.001

Multiple Hepatocellular Adenoma
Overall rate 1/49 (2%) 4/50 (8%) 8/49 (16%) 35/49 (71%)

Hepatocellular Carcinoma

Overall rate 5/49 (10%) 5/50 (10%) 6/49 (12%) 12/49 (24%)

Adjusted rate 13.5% 12.0% 13.0% 30.6%

Terminal rate 5/37 (14%) 4/40 (10%) 6/46 (13%) 11/38 (29%)

First incidence (days) 739 (T) 648 739 (T) 689

Logistic regression test P=0.012 P=0.586N P=0.603N P =0.061

Hepatocellular Adenoma or Carcinoma*'

Overall rate 10/49 (20%) 15/50 (30%) 21/49 (43%) 45/49 (92%)

Adjusted rate 26.3% 36.4% 44.7% 100.0%

Terminal rate 9/37 (24%) 14/40 (35%) 20/46 (43%) 38/38 (100%)

First incidence (days) 701 648 676 541

Logistic regression test P<0.001 P= 0.226 P= 0.045 P<0.001

(T) Terminal sacrifice

* Significantly different (P<0.05) from the control group by the Fisher exact test (15-month interim) or the logistic regression test

(2-year study)

** P<0.01
a

b

c

d

e

f

g

h

Number of animals with liver examined microscopically

Number of animals with lesion

Number of animals with neoplasm per number of animals with liver examined microscopically

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence in animals surviving until the end of the study

In the control column are the P values associated with the trend test. In the exposed group columns are the P values

corresponding to pairwise comparisons between the controls and that exposed group. The logistic regression test regards these

lesions as nonfatal. A lower incidence in an exposure group is indicated by N.

Historical incidence for 2-year feed studies with untreated control groups (mean ± standard deviation): 485/1,366

(35.5% ± 14.3%); range 10%-68%
Historical incidence: 223/1,363 (16.4% ± 10.7%); range 3%-42%
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Kidney: Four renal tubule adenomas occurred in

exposed males (Tables 17 and Cl). One renal tubule

carcinoma occurred in a 1,000 ppm male. However,

the incidences were not statistically significant or

dose related. No more than one renal tubule neo-

plasm has been seen in male historical control groups

from recent NTP studies (4/1,366, 0.3%; Table C4b).

No kidney neoplasms were seen in females.

Table 17

Incidences of Neoplasms of the Kidney of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218

Dose (ppm) 0 1,000 3,000 10,000

Renal Tubule Adenoma
Overall rate® 0/50 (0%) 2/50 (4%) 1/50 (2%) 1/50 (2%)
Adjusted rate^ 0.0% 4.3% 2.4% 2.2%

Terminal rate‘s 0/44 (0%) 2/46 (4%) 1/42 (2%) 1/45 (2%)
First incidence (days)

e
737 (T) 737 (T) 737 (T)

Logistic regression test‘d P= 0.628 P= 0.248 II o P=0.504

Renal Tubule Carcinoma

Overall rate 0/50 (0%) 1/50 (2%) 0/50 (0%) 0/50 (0%)

f
Renal Tubule Adenoma or Carcinoma

Overall rate 0/50 (0%) 3/50 (6%) 1/50 (2%) 1/50 (2%)
Adjusted rate 0.0%. 6.5% 2.4% 2.2%

Terminal rate 0/44 (0%) 3/46 (7%) 1/42 (2%) 1/45 (2%)
First incidence (days) - 737 (T) 737 (T) 737 (T)

Logistic regression test P=0.588N P=0.129 P=0.491 P=0.504

(T) Terminal sacrifice

® Number of animals with neoplasm per number of animals with kidney examined microscopically

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence in animals surviving until the end of the study

In the control column are the P values associated with the trend test. In the exposed group columns are the P values

corresponding to pairwise comparisons between the controls and that exptosed group. The logistic regression test regards these

lesions as nonfatal. A negative trend is indicated by N.

^ Not applicable; no neoplasms in animal group
^ Historical incidence for 2-year feed studies with untreated control groups (mean ± standard deviation): 4/1,366 (0.3% ± 0.7%);

range 0%-2%
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Small iniesline: Carcinomas of the small intestine

were observed in one male mouse receiving

10,(XX) ppm at the 15-month interim evaluation and

in three other males receiving 10,000 ppm at the end

of the 2-year study (Tables 18 and Cl). A carcinoma

of the small intestine was also seen in one control

male and an adenoma was seen in one male that

received 1,000 ppm. While the incidence of small

intestine neoplasms in the 10,000 ppm group was low

and not significantly greater than that of controls,

small intestine neoplasms are rare in untreated

control male mice (12/1,374, 0.9%; range 0%-4%;
Table C4c). Because the incidence in the 10,(XX) ppm
males exceeded the upper range of historical controls,

the carcinomas of the small intestine may have been

chemical related.

Carcinomas of the small intestine were also seen in

one female mouse receiving 3,000 ppm and one

female mouse receiving 10,000 ppm (Tables 18 and

Dl). The incidence of neoplasms of the small intes-

tine in untreated historical control female mice is

10/1,371 (0.7%; range 0%-6%; Table D4b). Thus, the

incidence in each of the exposed groups was well

within the range of historical controls.

Lung: There was a significant negative trend in the

incidence of alveolar/bronchiolar adenoma or carci-

noma (combined) in male mice, and the incidence in

the 10,000 ppm group was significantly less than that

of the controls (Table C3). While the incidence of

alveolar/bronchiolar neoplasms in female mice

receiving 10,000 ppm was also decreased, the decrease

was not statistically significant (Table D3).

Genetic Toxicology
C.I. Direct Blue 218 (33 to 10,000 /ig/plate) did not

induce mutations in Salmonella typhimurium strains

TA98, TAIOO, TA1535, and TA1537 in the standard

NTP assay which used a preincubation protocol, with

and without Aroclor 1254-induced male Sprague-

Dawley rat or Syrian hamster liver S9 oxidative

enzymes (Table El; Mortelmans et al., 1986). It was

also tested in a modified Salmonella test protocol

which employed reductive metabolism supplied by

flavin mononucleotide or rat cecal bacteria, followed

by oxidative metabolism; results of this test, using

strain TA1538, were also negative (Table E2; Reid

et al., 1984a).

In cytogenetic tests with cultured Chinese hamster

ovary cells, C.I. Direct Blue 218 induced a small but

significant increase in sister chromatid exchanges at

the highest dose tested (200 jitg/mL) in the second of

two trials conducted without S9 (Table E3); no

increase in sister chromatid exchanges was observed

in either of two trials conducted with S9. No
increase in chromosomal aberrations was seen in

cultured Chinese hamster ovary cells treated with C.I.

Direct Blue 218, at concentrations up to 500 /ig/mL,

with and without S9 (Table E4).

No increase in the frequency of sex-linked recessive

lethal mutations was observed in the offspring of

male Drosophila melanogaster administered

C.I. Direct Blue 218 by feeding (10,000 ppm) or by

injection (1,000 ppm) (Table E5; Woodruff et al.,

1985).
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Table 18

Incidences of Neoplasms of the Small Intestine of Mice in the 2-Year Feed Study of C.I. Direct Blue 218

Dose (ppm) 0 1,000 3,000 10,000

Male

15-Month Interim Evaluation

Small Intestine: Carcinoma

Overall rate® 0/9 (0%) 0/10 (0%) 0/10 (0%) 1/10 (10%)

2-Year Study

Small Intestine: Adenoma*’

Overall rate 0/50 (0%) 1/50 (2%) 0/50 (0%) 0/50 (0%)

Small Intestine: Carcinoma*’

Overall rate 1/50 (2%) 0/50 (0%) 0/50 (0%) 3/50 (6%)
Adjusted rate** 2.3% 0.0% 0.0% 6.7%

Terminal rate® 1/44 (2%) 0/46 (0%) 0/42 (0%) 3/45 (7%)
First incidence (days)

Logistic regression test*^

737 (T) _g - 737 (T)

P =0.055 p=0.491N P=0.509N P=0.314

Female

2-Year Study

Small Intestine: Carcinoma**

Overall rate 0/49 (0%) 0/50 (0%) 1/49 (2%) 1/49 (2%)

(T) Terminal sacrifice

® Number of animals with neoplasm p>er number of animals necropsied
*’ Historical incidence for 2-year feed studies with untreated control groups (mean ± standard deviation): 5/1,374 (0.4% ± 1.0%);

range 0%-4%
^

Historical incidence: 7/1,374 (0.5% ± 1.0%); range 0%-4%
^ Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
^ Observed incidence in animals surviving until the end of the study
^ In the control column are the P values associated with the trend test. In the exposed group columns are the P values

corresf)onding to pairwise comparisons between the controls and that exposed group. The logistic regression test regards these

lesions as nonfatal. A lower incidence in an exposure group is indicated N.

® Not applicable; no neoplasms in animal group
** Historical incidence: 8/1,371 (0.6% ± 1.0%); range 0%-6%



I»IATE 1

Liver of a male F344/N rat exposed to 20,000 ppm C.I. Direct Blue 218 in

feed for 13 weeks. Individual necrotic hepatocytes (arrows) have dark,

pyknotic nuclei. H&E, 80x.

Plate 2

Liver of a male F344/N rat exposed to 20,000 ppm C.I. Direct Blue 218 in

feed for 13 weeks. Note binucleate (arrows) and multinucleate hepatocytes

(arrowheads). H&E, 80x.

Plate 3

Kidney of a female F344/N rat exposed to 20,000 ppm C.I. Direct Blue 218

in feed for 13 weeks. Renal tubules along the corticomedullary junction

contain microconcretions of mineral (arrows). H&E, 20x

Plate 4

Squamous cell papilloma (arrowheads) in the posterior oral cavity (pharynx)

of a male F344/N rat exposed to 10,000 ppm C.I. Direct Blue 218 in feed

for 2 years. The exophytic polypoid mass of squamous cpiihclium i.s

supported by fibrous stalk. Arrows indicate the respiratory epithelium lining

the nasopharynx. H&E, 8x.





Plate 6

Liver of a B6C3Fj mouse exp>osed to 20,000 ppm C.I. Direct Blue 218 in

feed for 13 weeks. Note individual hepatocyte necrosis (arrows) and

enlarged (hyf>ertrophic) hepatocytes (arrowheads) with enlarged nuclei

(karyomegaly). H&E, 80x.

PlATE 5

Basal cell hyperplasia in the forestomach of a male F344/N rat exposed to

10,000 ppm C.I. Direct Blue 218 in feed for 2 years. Note the nodular

downgrowths of small, uniform basal cells (arrows) into the adjacent

submucosa. H&E, 50x.

Plate 7

Liver of a B6C3Fj mouse exposed to 20,000 ppm C.I. Direct Blue 218 in

feed for 13 weeks. Note hypertrophic hepatocytes (arrowheads) and

proliferation of cells with small oval nuclei (oval cell proliferation)

radiating from periportal area (arrows). H&E, 80x.
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DISCUSSION AND CONCLUSIONS

The Benzidine Dye Initiative was established in

cooperation with NIEHS, NCTR, NIOSH, USEPA,

and the Consumer Product Safety Commission

(NIOSH, 1980, 1983) to identity the toxic and carci-

nogenic properties of representative chemicals/dyes

used in the workplace. Since there are more than

1(X) benzidine-based dyes, the initiative focused on

studying the toxicity and carcinogenicity of five

representative benzidine dyes/congeners: C.I. Acid

Red 114 and its parent congener 3,3'-dimethylbenzi-

dinc dihydrochloride; C.I. Direct Blue 15 and its

parent congener 3,3'-dimethoxybenzidine dihydro-

chloridc; and the copper chelated dye, C.I. Direct

Blue 218 (congener 3,3'-dihydroxybenzidine). The

first four chemicals/dyes are unstable in feed and

were administered in the drinking water to F344/N

rats in long-term toxicity and carcinogenicity studies

(NTP, 1990; 1991; 1992a,b).

C.I. Direct Blue 218 was the one dye not mutagenic

in the Salmonella reductive metabolism test system

(Tables 19 and 20) and was tested to determine if its

spectrum of carcinogenicity differed from those of the

other four mutagenic chemicals/dyes. The C.I. Direct

Blue 218 used in these studies was representative of

the dye in commercial use and contained approxi-

mately 60% of the major component. The dye was

desalted prior to use to reduce the salt content from

approximately 17% to 3%. C.I. Direct Blue 218 has

limited solubility in water, therefore the dose formu-

lations for these studies were prepared by mixing

appropriate amounts of C.I. Direct Blue 218 in feed.

Table 19

Comparison of National Toxicology Program Mutagenicity Tests Results for Selected Benzidine Dyes“

Chemical

Name Salmonella^

CHO
SCE

CHO
Abs

Drosophila

SLRL
Drosophila

RT

Benzidine + -1- NT NT

3,3* -Dimethoxybenzidine -1- -1- - NT

3,3*-Dimethylbenzidine -1- -t- + -

C.I. Acid Red 114 - - - NT

C.I. Direct Blue 218 - -l-w - - NT

C.I. Direct Blue 15 -1- - - NT NT

^ CHO SCE = Chinese hamster ovary cell sister chromatid exchange test; CHO Abs = Chinese hamster ovary cell chromosomal

aberration test; SLRL = sex-linked recessive lethal test; RT = reciprocal translocation test; = positive; - = negative;

-t-w = weak evidence for positive response; NT = not tested. For details of experimental technique, see Appendix E.

Results are for strain TA1538, tested with a reductive metabolism protocol which allows for in vitro reduction of the azo linkages,

mimicking the metabolism of these comptounds in the human intestinal tract, and release of the parent amine, which can then be

oxidatively metabolized using an induced rat or hamster liver S9 system (Reid et al., 1984a).

^ These compx)unds were also mutagenic when tested in a standard Salmonella typhirnurium preincubation protocol employing

oxidative metabolism only.
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Table 20

Summary of Salmonella Mutagenicity Studies with the Selected Benzidine Congeners and Congener Dyes®

Metabolic Activation System**

Congener/Dye % Purity‘S None S9 FMN Cecal

Benzidine >99 - 4- 4- 4-

C.I. Direct Black 38 66 + + 4- 4-

C.I. Direct Blue 2 46 -1- 4- 4- NT
C.I. Direct Blue 6 60 - - 4- 4-

C.I. Direct Brown 2 87 - ? NT NT
C.I. Direct Brown 95 89 - 9 4- 4-

C.I. Direct Green 1 ND - +W NT NT

3,3*-Dimethylbenzidine 99 - 4- 4- 4-

C.I. Acid Red 114 85 - 4- 4- 4-

C.I. Direct Blue 25 ND - - 4- 4-

C.I. Direct Blue 53 69 - 9 NT NT
C.I. Direct Red 2 >92 - - 4- 4-

C.I. Direct Red 39 ND - - 4- 4-

3,3* -Dimethoxybenzidine 99 - 4- 4- 4-

C.I. Direct Blue 1 ND - - 4- NT
C.I. Direct Blue 8 30 - - 4- 4-

C.I. Direct Blue 10 48 - - 4- 4-

C.I. Direct Blue 15 50 - - 4- 4-

C.I. Direct Violet 32 83 - - 4- 4-

3,3 ’-Dihydroxybenzidine ND - 4- NT NT
C.I. Direct Blue 218 60 - - - -

3,3’-Dichlorobenzidine >99 + 4- 4- 4-

C.I. Pigment Yellow 12 ND

® The data supporting these summaries can be found in Prival and Mitchell (1982), Reid et al. (1984a,b), Mortelmans et al. (1986),

Zeiger et al (1987, 1988), and NTP (unpublished).

None = no metabolic activation conditions used; S9 = Standard (aerobic) preincubation test procedure; FMN (flavin

mononucleotide) = FMN-supplemented S9 for reductive metabolism; cecal = rat cecal flora suspension for anaerobic metabolism.

- = not mutagenic, + = mutagenic, +w = weakly mutagenic, ? = equivocal response, NT = not tested.

ND = not determined
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The principal toxic effects associated with the admini-

stration of C.I. Direct Blue 218 in the 13-week

studies occurred primarily in the liver of male and

female rats and the kidney of female rats receiving

20.(XK) ppm, and in the liver and spleen of male and

female mice receiving 20,000 ppm. Hepatic lesions in

rats included pigmented periportal Kupffer cells,

minimal to mild individual hepatocyte necrosis,

increased numbers of binucleated and multinucleated

hepatocytes, and minimal bile duct hyperplasia; renal

lesions consisted of increased mineral microconcre-

tions along the corticomedullary junction. Hepatic

lesions in mice included centrilobular hepatocyte

hypertrophy and karyomegaly, multifocal hepatocyte

necrosis, oval cell proliferation, and pigmented

macrophages; increased numbers of pigmented

macrophages occurred in the spleen. Hematocrit,

hemoglobin, mean erythrocyte volume, and mean

erythrocyte hemoglobin were significantly lower, and

serum alanine aminotransferase and sorbitol dehydro-

genase levels were significantly higher in exposed

animals, which is indicative of the hepatic injury.

Because of the body weight effects and liver toxicity

in male and female rats and mice receiving

20,000 ppm, the high dose selected for the 2-year

studies was 10,000 ppm. In the 2-year studies, there

was again some depression of body weights and

toxicity to the liver and hematologic systems, but this

toxicity was not severe and there was no statistically

significant difference in survival among groups of

exposed rats and mice and the respective control

groups.

All five of the chemicals/dyes tested in this Initiative

(3,3'-dimethoxybenzidine, 3,3'-dimethylbenzidine,

C.I. Direct Blue 15, C.I. Acid Red 114, and

C.I. Direct Blue 218) caused some degree of liver

toxicity, although the metabolite responsible for these

toxic effects has not been identified. The spectrum of

liver toxicity observed was similar for these

chemicals/dyes and included elevated serum enzyme

levels, increased liver weights, liver necrosis and/or

other toxic lesions. This suggests that this toxicity is

due to the aromatic components/metabolites.

The administration of 10,000 or 20,000 ppm
C.I. Direct Blue 218 to rats and mice resulted in mild

but significant reductions in the hematocrit, hemo-

globin, mean erythrocyte volume, and/or mean
erythrocyte hemoglobin values. This was an indica-

tion of a mild microcytic normochromic anemia. The
presence of increased numbers of pigmented

macrophages in the liver of rats and mice and the

spleen of mice and the presence of pigment in the

renal tubule epithelium of rats suggest that the

hematologic differences may have been related to

hematolysis. C.I. Acid Red 114 also caused decreases

in hematocrit, hemoglobin, and erythrocyte counts in

male or female rats. The administration of C.I. Acid

Red 114 for 2 weeks resulted in the reduction in

cellularity of the bone marrow at the highest doses.

Direct toxicity may therefore be an alternative patho-

genesis for the mild hematologic toxicity caused by

administration of some of the benzidine dyes.

Of the dyes tested in this Initiative only C.I. Direct

Blue 218 contains copper. While copper at 5 ppm
serves as an essential element in hemoglobin forma-

tion and normal erythropoiesis, higher doses can

cause liver and hematologic toxicity in the rodent

(Barka et ah, 1964; NAS, 1977; Sternlieb, 1980;

ATSDR, 1990). In the NTP 13-week feed studies of

copper sulfate, liver and hematologic toxicity was

observed in rats primarily at 4,000 and 8,000 ppm,

exposure levels that are higher than that delivered

with C.I. Direct Blue 218 (10,000 ppm dye =

900 ppm total copper or 57 mg copper/kg body

weight per day for the rats). Liver and hematologic

toxicity was not observed in mice in the NTP copper

sulfate studies (NTP, 1993). In other studies, diets

containing 1,000 ppm copper as copper sulfate

administered for 21 days to rats inhibited weight gain

by approximately 30% and resulted in increased liver

weights (Boyden et ol., 1938). Intraperitoneal injec-

tions of copper sulfate at 3.74 mg copper/kg body

weight per day caused an accumulation of copper in

liver lysosomes and damage to the lysosomal cell

membranes with release of acid hydroxylases and

other liver enzymes (Lindquist, 1967, 1968; Lai et ol.,

1974). The hematologic toxicity observed in rats

administered copper sulfate was consistent with a

microcytic anemia possibly due to interference with

iron metabolism (NTP, 1993). The liver and hema-

tologic toxicity observed with C.I. Direct Blue 218

appears to be due primarily to the aromatic compo-

nents, but the combination of copper and aromatic

components may also be a factor in the liver and

hematologic toxicity observed.

In these studies of C.I. Direct Blue 218, the principal

neoplastic finding in rats occurred in the pharynx

where squamous cell papillomas occurred in five

males and two females receiving 10,000 ppm. One
squamous cell carcinoma and one basosquamous
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tumor were seen in two additional 10,000 ppm male

rats. Two male rats that received 10,000 ppm had

focal, nonneoplastic proliferations (squamous hyper-

plasia) of the mucosal epithelium in the posterior

pharynx. These findings were considered to represent

some evidence for a carcinogenic response in male

rats because the incidence of squamous cell

papillomas of the pharynx in the 10,000 ppm group

was significantly greater than that in the control

group and exceeded the incidence in the NTP
historical database. The evidence for a carcinogenic

response was not considered to be strong enough to

place it in the clear evidence category because the

incidence of squamous cell carcinomas of the pharynx

was not significantly increased. The evidence for a

treatment-related neoplastic response in the pharynx

of male rats is supported by the fact that the other

benzidine dyes also cause neoplasms of the oral cavity

(Table 21). In contrast to the findings in male rats,

the incidence of squamous cell papillomas of the

pharynx was not significantly increased in female rats.

C.I. Direct Blue 218 caused an increased incidence of

basal cell hyperplasia in the forestomach of male rats

that received 3,000 and 10,000 ppm and in female

rats that received 10,000 ppm. Although the differ-

ence was not significant, more male rats that received

3,000

and 10,000 ppm had squamous cell hyperplasia

than did controls. Squamous papillomas of the

forestomach occurred in two male rats receiving

3,000

ppm, one male rat receiving 10,000 ppm, and

one squamous cell carcinoma of the forestomach

occurred in a male rat receiving 3,000 ppm. No
squamous cell neoplasms were obser\'ed in the

control or 1,000 ppm groups of male rats. Squamous

cell neoplasms of the forestomach are relatively

uncommon (4/1,253, 0.3%) and the occurrence of

three squamous cell neoplasms at 3,000 ppm and one

at 10,000 ppm in male rats may have been related to

chemical administration. The evidence for squamous

cell neoplasms in male rats was not strong enough to

place it in the some evidence category because the

incidences were low and not significant. There was

no evidence for a treatment-related carcinogenic

response in female rats, because only one squamous

cell neoplasm was observed at 3,000 ppm.

The incidences of uterine endometrial stromal polyps

were increased in all exposed groups of female rats.

However, the incidences did not increase with

exposure level, the incidence in the concurrent

control group was abnormally low, and the incidences

were within the historical range for this neoplasm.

Therefore, these neoplasms were not considered to be

clearly related to treatment.

C.I. Direct Blue 218 did not induce the wide

spectrum of carcinogenic activity in the rat observed

with 3,3'-dimethylbenzidine dihydrochloride,

3,3'-dimethoxybenzidine dihydrochloride, C.I. Direct

Blue 15, or C.I. Acid Red 114 (refer to Table 22 for

a comparison of doses used). With 3,3 '-dimethyl-

benzidine, 3,3'-dimethoxybenzidine, C.I. Direct

Blue 15, and C.I. Acid Red 114, treatment-related

neoplasms occurred in the skin, Zymbal’s gland, oral

cavity epithelium, liver, preputial and clitoral glands,

and intestine of both male and female rats. A few of

these neoplasms were observed as early as 9 months,

and the numbers of neoplasms at the various sites

increased with increasing length of exposure. This

relatively lower carcinogenic effect of C.I. Direct

Blue 218 may be related to the decreased metabolism

and absorption of the metallized dye or decreased

mutagenic activity of dye components. The benzidine

congener and a putative metabolite of the major

component in C.I. Direct Blue 218 is 3,3 '-dihydroxy-

benzidine, which was mutagenic in Salmonella (NTP
unpublished data). Comparison of the mutagenic

responses of this congener to the test responses of

C.I. Direct Blue 218 shows that the highest dose

tested of C.I. Direct Blue 218 was 0.5 /Limol/plate,

whereas the mutagenic responses of 3,3 '-dihydroxy-

benzidine were seen only at doses above

1.5 /Ltmol/plate.

There was clear evidence of carcinogenicity in the

liver of male and female mice, although there was no

evidence for a carcinogenic response at this site in

rats. In male and female mice receiving 10,000 ppm,

there were significantly increased incidences of

combined hepatocellular foci, hepatocellular

adenoma, and hepatocellular adenoma and/or carci-

noma (combined). The strength of this carcinogenic

response in the liver of mice was supported by the

fact that the number of mice with multiple

hepatocellular adenomas was also significantly

increased in the 10,000 ppm groups. The incidences

of hepatocellular adenomas and carcinomas in the

10,000

ppm groups exceeded the incidences in the

concurrent controls and the range for these neo-

plasms in the historical database. Hepatocellular

adenoma or carcinoma (combined) occurred in 36%
of control males (Table C4a) and 16% of control

females (Table D4a), while in the 10,000 ppm groups
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I AHI.K 21

Iluidences of Treutment-Related Neoplasms in the National Toxicology Program’s

Benzidine Dye Initiative Studies

Males Females

Neoplasms in F344/N Rats in the 21-Month Drinking Water Studies of 3,3 -Dimethoxybenzidine Dihydrochloride

(doses: 0, 80, 170, and 330 ppm)
Skin basal cell or sebaceous gland neoplasms:

2/W), 33/45, 56/75, 41/60

Skin squamous cell neoplasms: 0/60, 13/45, 28/75, 22/60

/.ymbal's gland neoplasms: 0/59, 10/45, 25/75, 30/60

Preputial gland neoplasms: 16/60, 12/43, 33/73, 29/59

Palate or tongue neoplasms: 1/60, 8/45, 10/75, 11/60

Small intestine neoplasms: 0/60, 4/45, 7/75, 5/60

l,argc intestine neoplasms: 0/60, 1/45, 8/75, 8/60

Liver neoplasms: 1/60, 4/45, 7/74, 8/60

Mesotheliomas: 2/60, 1/45, 7/75, 6/60

Skin basal cell neoplasms: 0/60, 4/45, 3/75, 2/60

Zymbal’s gland neoplasms: 1/60, 12/45, 21/75, 16/60

Clitoral gland neoplasms: 7/58, 27/44, 48/74, 41/55

Palate or tongue neoplasms: 2/60, 2/45, 6/75, 5/60

Large intestine neoplasms: 0/60, 1/45, 1/75, 3/60

Liver neoplasms: 0/60, 1/44, 0/75, 3/60

Mammary gland adenocarcinomas: 1/60, 2/45, 14/75, 20/60

Uterus or cervix neoplasms: 0/60, 4/45, 2/75, 2/60

Neoplasms in F344/N Rats in the 15-Month Drinking Water Studies of 3,3 -Dimethylbenzidine Dihydrochloride

(doses: 0, 30, 70, and 150 ppm)
Skin basal cell neoplasms: 0/60, 11/45, 54/75, 30/60

Skin sebaceous cell adenoma: 0/60, 0/45, 7/75, 5/60

Skin keratoacanthomas: 1/60, 1/45, 8/75, 5/60

Skin squamous cell neoplasms: 0/60, 2/45, 17/75, 27/60

Zymbal's gland neoplasms: 1/59, 3/45, 32/75, 36/59

Preputial gland neoplasms: 2/60, 4/45, 6/75, 9/60

Liver neoplasms: 0/60, 0/45, 35/75, 33/60

Oral cavity neoplasms: 0/60, 0/45, 4/75, 5/60

Small intestine neoplasms: 0/60, 0/45, 4/75, 8/60

Large intestine neoplasms: 0/60, 0/45 , 6/75, 15/60

Lung neoplasms: 1/60, 0/45, 8/75, 6/60

Mesothelioma: 0/60, 0/45, 3/75, 4/60

Skin basal cell neoplasms: 0/60, 3/45, 10/75, 9/60

Skin squamous cell neoplasms: 0/60, 3/45, 9/75, 12/60

Zymbal's gland neoplasms: 0/57, 6/44, 32/73, 42/60

Clitoral gland neoplasms: 0/60, 14/45, 42/75, 32/59

Liver neoplasms: 0/60, 0/45, 7/74, 4/60

Oral cavity neoplasms: 0/60, 3/45, 9/75, 13/60

Small intestine neoplasms: 0/60, 1/45, 3/75, 5/60

Large intestine neoplasms: 0/60, 1/45, 7/75, 4/60

Mammary gland adenocarcinoma: 0/60, 1/45, 3/75, 6/60

Lung neoplasms: 1/60, 1/45, 3/74, 4/60

Neoplasms in F344/N Rats in the 22-Month Drinking Water Studies of C.I. Direct Blue 15
(doses: 0, 630, 1,250, and 2,500 ppm)
Skin basal cell neoplasms: 2/50, 9/35, 27/65, 28/50

Skin sebaceous cell adenoma: 0/50, 1/35, 7/65, 3/50

Skin keratoacanthomas: 2/50, 1/35, 7/65, 2/50

Skin squamous cell neoplasms: 2/50, 4/35, 11/65, 19/50

Zymbal’s gland neoplasms: 1/50, 5/35, 10/65, 20/50

Preputial gland neoplasms: 8/49, 5/35, 23/64, 9/48

Liver neoplasms: 0/50, 6/35, 9/65, 11/50

Oral cavity neoplasms: 1/50, 10/35, 24/65, 17/50

Small intestine neoplasms: 0/50, 1/35, 0/65, 2/50

Large intestine neoplasms: 0/50, 1/35, 6/65, 8/50

Skin squamous cell neoplasms: 0/50, 2/35, 6/65, 5/50

Zymbal’s gland neoplasms: 0/50, 4/35, 11/65, 17/50

Clitoral gland neoplasms: 7/50, 11/31, 24/64, 27/50

Liver neoplasms: 0/50, 0/35, 2/65, 5/50

Oral cavity neoplasms: 2/50. 4/35, 19/65, 15/50

Small intestine adenocarcinoma: 0/50, 0/35, 1/65, 3/50

Large intestine adenomatous polyp: 0/50, 0/35, 3/65, 1/50

Uterine neoplasms: 1/50, 0/35, 1/65, 4/50

Mononuclear cell leukemia: 7/50, 13/35, 27/65, 15/50

(continued)
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Table 21

Incidences of Treatment-Related Neoplasms in the National Toxicology Program’s

Benzidine Dye Initiative Studies (continued)

Males Females

Neoplasms in F344/N Rats in the 24-Month Drinking Water Studies of C.I. Acid Red 114

(doses male: 0, 70, 150, and 300 ppm; doses female:

Skin basal cell neoplasms: 1/50, 5/35, 28/65, 32/50

Skin keratoacanthoma: 1/50, 1/35, 4/65, 7/50

Skin sebaceous cell neoplasms: 1/50, 1/35, 5/65, 6/50

Skin squamous cell neoplasms: 1/50, 2/35, 11/65, 9/50

Zymbal’s gland neoplasms: 0/50, 0/35, 8/65, 7/50

Liver neoplasms: 2/50, 2/35, 15/65, 20/50

I, 150, 300, and 600 ppm)
Skin basal cell neoplasms: 0/50, 4/35, 7/65, 5/50

Zymbal’s gland neoplasms: 0/50, 3/35, 18/65, 19/50

Clitoral gland neoplasms: 11/48, 17/32, 28/62, 23/50

Liver neoplasms: 0/50, 0/35, 19/64, 8/50

Lung neoplasms: 1/50, 2/35, 9/65, 4/50

Oral cavity epithelium neoplasms: 0/50, 3/35, 9/65, 6/50

Small intestine neoplasms: 0/50, 0/35, 1/65, 2/50

Large intestine neoplasms: 0/50, 1/35, 0/65, 3/50

Neoplasms in F344/N Rats in the 24-Month Feed Studies of C.I. Direct Blue 218

(doses: 0, 1,(K)0, 3,000, and 10,000 ppm)
Pharynx neoplasms: 0/50, 0/50, 0/50, 7/50 None

Neoplasms in B6C3F. Mice in the 24-Month Feed Studies of C.I. Direct Blue 218

(doses: 0, 1,000, 3,000, and 10,000 ppm)
Liver neoplasms: 21/50, 20/50, 23/50, 45/50 Liver neoplasms: 10/49, 15/50, 21/49, 45/49
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I AHI.K 22

Kstimuted Amount of Benzidine Congener or Dye Consumed in Long Term Studies

Males Females

Benzidine Convener lx)w Dose Mid Dose High Dose Low Dose Mid Dose High Dose

Rats

3,3'-I)imetliyll>enzidine

DihydriK'hluride

Drinking Water (ppm)^ 30 70 150 30 70 150

Dose (/imol/kg/day)^ 5 13 74 6 20 54

3,3* -Dimethoxyltenzidine

Diliydrochloride

Drinking Water (ppm) 80 170 330 80 170 330

Dose (/xmol/kg/day) 18 38 66 22 44 72

C.I. Acid Red 114

Drinking Water (ppm) 70 150 300 150 300 600

Dose (/xmol/kg/day) 4 9 23 11 25 82

C.I. Direct Blue 15

Drinking Water (ppm) 630 1,250 2,500 630 1,250 2,500

Dose (/xmol/kg/day) 62 89 215 49 100 198

C.I. Direct Blue 218

Feed (ppm) 1,000 3,000 10,000 1,000 3,000 10,000

Dose (/xmol/kg/day) 33 100 355 37 109 374

Mice

C.I. Direct Blue 218

Feed (ppm) 1,000 3,000 10,000 1,000 3,000 10,000

Dose (/xmol/kg/day) 96 295 1,292 117 358 1,810

^ Dose in drinking water or feed

Based on water or feed consumption measurements during the last year of the study, and molecular weight for congeners or major
component of dye. The molecular weight for each congener or major component is: 3,3^-dimethylbenzidine dihydrochloride, 285;

3,3'-dimethoxybenzidine dihydrochloride, 317; C.I. Acid Red 114, 830; C.I. Direct Blue 15, 993; C.I. Direct Blue 218, 1,090.
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90% to 92% of the mice had these neoplasms. This

was considered to be clear evidence for a carcino-

genic response because the incidences of both

hepatocellular adenoma and carcinoma were

increased in both males and females.

Carcinomas of the small intestine were observed in

one male mouse receiving 10,000 ppm at the

15-month interim evaluation and in three males

receiving 10,000 ppm at the end of the 2-year study.

A carcinoma of the small intestine was also seen in

one control male and an adenoma in one male that

received 10,000 ppm. Spontaneous neoplasms of the

small intestine are rare in mice. The occurrence of

neoplasms of the small intestine in these studies may

have been biologically significant because the inci-

dence in male mice at 10,000 ppm exceeded the level

for this neoplasm in the historical database (12/1,374,

0.9%; range 0%-4%). The evidence was not con-

sidered to be strong enough to place it into the some

evidence category because the incidences were low

and not statistically significant. One carcinoma of

the small intestine was seen in a female mouse

receiving 3,000 ppm and another in a female

receiving 10,000 ppm. Because the incidence of this

neoplasm was within the historical range (0%-6%;

8/1,371, 0.6%), this was not considered to be biologi-

cally significant.

A few kidney neoplasms were observed in exposed

male mice: two renal tubule adenomas and one renal

tubule carcinoma at 1,000 ppm, one renal tubule

adenoma at 3,000 ppm, and one renal tubule

adenoma at 10,000 ppm. Renal tubule neoplasms are

rare in the historical control male mice (4/1,366,

0.3%), and the occurrence of three renal tubule

neoplasms at 1,000 ppm exceeded the historical

incidence for this neoplasm and may have been

related to chemical administration. The evidence was

not strong enough to be considered some evidence of

a carcinogenic response because the number of

neoplasms was low and the incidence was not statisti-

cally significant or dose related.

C.I. Direct Blue 218 and benzidine both produce

hepatocellular neoplasms in mice although benzidine

has been reported to produce this effect at much
lower doses than the 10,000 ppm level used in the

C.I. Direct Blue 218 studies. Littlefield et al. (1983)

found hepatic neoplasms when benzidine was admini-

stered to Fi hybrid and monohybrid mice from a

BALB/c male and C57BL/6 female cross at doses

ranging from 20 to 160 ppm in the drinking water for

the lifetime of the animals. Vesselinovitch et al.

(1975) administered benzidine at levels of 50, 100,

and 150 ppm in the feed to B6C3Fj mice for

84 weeks, and hepatic, pulmonary, and harderian

gland neoplasms were observed at all dose levels.

Benzidine administered in the drinking water at doses

of 30 to 40 ppm to hybrid mice (BALB/c x C57BL/6)

resulted in hepatic neoplasms by 18 months at all

dose levels, and neoplasms were detected as early as

9 months (Nelson et al., 1982). While the hepatic

neoplasms produced in mice by C.I. Direct Blue 218

and benzidine are similar, the differences in the doses

required to produce these neoplasms suggest that

only a small percentage of the total dose of

C.I. Direct Blue 218 results in the formation of an

active metabolite.

The C.I. Direct Blue 218 component responsible for

producing hepatic neoplasms may be structurally

related to the benzidine metabolite associated with

the induction of hepatic neoplasms. Results from

rodent studies indicate that N-acetylation is the first

step in the metabolism for benzidine-induced initia-

tion of liver carcinogenesis (Morton et al., 1981;

Martin et al., 1982; Kennelly et al., 1984; Frederick

et al., 1985). Administration of benzidine or acetyl-

benzidine to rats or mice produced a single hepatic

metabolite-DNA adduct, which upon enzymatic

hydrolysis was identified as N-(deoxyguanosin-8-yl)-

N'-acetylbenzidine (Kennelly cr n/.,1984). Formation

of benzidine-DNA adducts has been associated with

in vitro genotoxicity. Talaska et al. (1987) and

Phillips et al. (1990) have also shown that the level of

benzidine-DNA adduct in the mouse liver correlated

with the number of chromosomal aberrations in the

hepatocytes. Metabolites of C.I. Direct Blue 218 may

also form DNA adducts in the mouse liver leading to

genetic alterations that would allow the cells to

escape normal growth control mechanisms and result

in a neoplastic response.

While treatment of B6C3F, mice with either

C.I. Direct Blue 218 or benzidine results in hepato-

cellular neoplasms, liver neoplasms were not seen in

BALB/c mice treated with benzidine-based

compounds. Studies conducted by Schieferstein et al.

(1989) using BALB/c mice treated with 3,3' -dimethyl-

benzidine or 3,3'-dimethoxybenzidine did not result

in hepatic neoplasms. The BALB/c mouse has been

shown to be less susceptible than the B6C3Fj mouse

to at least one other hepatic carcinogen, urethane
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(Dugani ei iil., 1991). Genetic differences between

BAl.B/e mice and B6C3F, mice may contribute to

dilTerenees in susceptibility to the induction of mouse

hepatic neoplasms by the benzidine chemicals/dyes.

Buehmann et ol. (1991) suggested that mutational

activation of the ras gene and differences in the

susceptibility to activation may contribute to differ-

ences in the susceptibility of various rodent strains to

chemical-induced hepatic neoplasms.

The process of carcinogenesis may involve a number

of distinct steps, such as the activation of proto-

oncogenes and the loss of specific regulatory

substances such as suppressor genes (Barrett et oL,

1987). Some support for this model comes from

rodent studies of hepatic neoplasms. Chemical

induction of hepatic neoplasms in mice has been

a.ssociated with activating point mutations in ras

genes (Reynolds et al., 1990; Buehmann et al., 1991;

Goodman et al., 1991). One factor that may affect

the susceptibility of a mouse to chemical induction of

hepatic neoplasms is the background level of hypo-

methylation in the H-rrt5- oncogene, because the level

of methylation of a gene has been associated with

control of gene expression (Holliday, 1987; Jones and

Buckley, 1990). Hepatic DNA from B6C3Fi mice

and the parent strain C3H/HeN is hypomethylated

and both strains have a high background level of

hepatic neoplasms (Goodman et al., 1991). In

contrast, hypomethylation was not associated with the

hepatic DNA from C57BL/6 mice, a strain with a low

incidence of hepatic neoplasms (Goodman et al.,

1991). The hypomethylation associated with hepatic

DNA in mouse strains such as B6C3Fi may be close

to the threshold of hypomethylation required to

activate the proto-oncogene, and exposure to certain

chemicals may then cross the threshold, thus acti-

vating the oncogene and resulting in the development

of a neoplasm. This model may explain why these

mice are more susceptible to benzidine-induced

hepatic neoplasms (Vorce and Goodman, 1989;

Goodman et al., 1991).

Benzidine exposure in humans is associated with

urinary bladder neoplasms while in rodents

C.I. Direct Blue 218 or benzidine/dye exposure is

associated with hepatic neoplasms or neoplasms at

other sites. Species such as rodents that rapidly

acetylate aromatic amines develop hepatic neoplasms,

while species which are relatively slow acetylators

develop urinary bladder neoplasms (Lower and

Bryan, 1973). The formation of urinary bladder

neoplasms in dogs and humans probably occurs via a

metabolic pathway that differs from that which leads

to hepatic neoplasms in rodents (Wise et al., 1984;

Lakshmi et al., 1990). Yamazoe et al. (1988) studied

the binding of benzidine to calf thymus DNA and

showed that a series of peroxidases can oxidize

benzidine by a common peroxidative mechanism to

form benzidine diimine, an electrophilic metabolite

capable of binding to DNA. A major adduct derived

was N3-(deoxyguanosin-N7,C8-yl)-benzidine, which

may be the DNA adduct formed in the urinary

bladder of humans and dogs. The authors indicated

that additional studies would be needed to quantify

the degree of DNA cross linking and adduct forma-

tion in vitro and in vivo that is associated with benzi-

dine carcinogenesis (and carcinogenesis from related

chemicals/dyes such as C.I. Direct Blue 218) in

individual tissues.

Studies by Ashby and Richardson (1985) have shown
that exposure to established human carcinogens,

including benzidine, was associated with a clastogenic

response in human peripheral lymphocytes. Perera

et al. (1988) found that polycyclic aromatic

hydrocarbon-DNA adducts were increased in foundry

workers exposed to these chemicals. Mirkova and

Lalchev (1990) found that there was an increase in

the frequency of chromosomal aberrations in periph-

eral lymphocytes of workers exposed to benzidine and

benzidine dyes in a plant manufacturing Direct

Black 38 and Direct Blue 6. The findings from both

human and animal studies suggest that there is an

association between the level of benzidine-DNA

adducts and the carcinogenic action of the benzidine

dye.

Exposure to aromatic amines (benzidine, 4-amino-

biphenyl, naphthylamine, and o-toluidine) has been

associated with cancer in humans (Lutz, 1984;

Tomatis et al., 1989; Ward et al., 1991). An aromatic

amine is considered to be a "structural alert" for

chemical carcinogenicity (Ashby and Tennant, 1991).

The benzidine-based dyes including C.I. Direct

Blue 218, C.I. Direct Blue 15, and C.I. Acid Red 114

contain chemicals that can be metabolized to

aromatic amines. These chemicals have also been

found to be carcinogenic in rodents. These findings

are consistent with the association of exposure to

aromatic amines and the development of cancer in

humans.
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Conclusions
Under the conditions of these 2-year feed studies,

there was some evidence of carcinogenic activity* of

C.I. Direct Blue 218 in male F344/N rats based on

the occurrence of pharyngeal neoplasms. Squamous

cell neoplasms of the forestomach may have been

chemical related. There was no evidence of carcino-

genic activity of C.I. Direct Blue 218 in female F344/N

rats given 1,000, 3,000, or 10,000 ppm. There was

clear evidence of carcinogenic activity of C.I. Direct

Blue 218 in male and female B6C3F, mice based on
increased incidences of hepatocellular adenomas and

carcinomas. The occurrence of a few neoplasms of

the small intestine and kidney in male mice may have

been related to C.I. Direct Blue 218 treatment.

The administration of C.I. Direct Blue 218 produced

an increased incidence of forestomach basal cell

hyperplasia in rats and hepatocellular foci of

cytologic alteration in mice.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 10. A summary of the Technical Reports Review Subcommittee

comments and the public discussion on this Technical Report appears on page 12.



69

REFERENCES

Agency for Toxic Substances and Disease Registry

(ATSDR) (1990). Toxicological profile for copper.

U.S. Department of Health and Human Services,

Public Health Services.

Armitage, P. (1971). Statistical Methods in Medical

Research, pp. 362-365. John Wiley and Sons, New
York.

A.shby, J., and Richardson, C.R. (1985). Tabulation

and assessment of 1 13 human surveillance cytogenetic

studies conducted between 1965 and 1984. Mutat.

Res. 154, 111-133.

A.shby, J., and Tennant, R.W. (1988). Chemical

structure. Salmonella mutagenicity and extent of

carcinogenicity as indicators of genotoxic carcino-

genesis among 222 chemicals tested in rodents by the

U.S. NCI/NTP. Mutat. Res. 204, 17-115.

A.shby, J., and Tennant, R.W. (1991). Definitive

relationships among chemical structure, carcino-

genicity and mutagenicity for 301 chemicals tested by

the U.S. NTP. Mutat. Res. 257, 229-306.

Babu, S.R., Lakshmi, V.M., Hsu, F.F., Zenser, T.V.,

and Davis, B.B. (1992). Role of A^-glucuronidation in

benzidine-induced bladder cancer in dog.

Carcinogenesis 13, 1235-1240.

Baker, K. (1950). The carcinogenic activity of

dihydroxy benzidine (3:3' dihydroxy 4:4' diamino

diphenyl). Acta Inti. Union Contra Cancer 7, 46-51.

Barka, T., Scheuer, P.J., Schaffner, F., and Popper, H.

(1964). Structural changes of liver cells in copper

intoxication. Arch. Pathol. 78, 331-349.

Barrett, J.C., Oshimura, M., and Koi, M. (1987).

Role of oncogenes and tumour suppressant genes in

a multistep model of carcinogenesis. In Symposium

on Fundamental Cancer Research (F. Becker, Ed.),

Vol. 38, pp. 45-56. University of Texas Press,

Austin, TX.

Beaudoin, A.R. (1968). Teratogenic activity of six

disazo dyes in the Wistar albino rat. Proc. Soc. Exp.

Biol. Med. 127, 215-219.

Beaudoin, A.R., and Pickering, M.J. (1960). Terato-

genic activity of several synthetic compounds structur-

ally related to trypan blue. Anat. Rec. 137, 297-305.

Beck, F., and Lloyd, J.B. (1966). The teratogenic

effects of azo dyes. Adv. Teratol. 1, 131-193.

Boeniger, M. (1980). Technical Report: The carci-

nogenicity and metabolism of azo dyes, especially

those from Benzidine. DHHS (NIOSH) Publication

No. 80-119. U.S. Department of Health and Human
Services, Public Health Service, Center for Disease

Control, National Institute for Occupational Safety

and Health, Bethesda, MD.

Bonser, G.M., Clayson, D.B., and Jull, J.W. (1956).

The induction of tumours of the subcutaneous

tissues, liver and intestine in the mouse by certain

dye-stuffs and their intermediates. Br. J. Cancer 10,

653-667.

Boorman, G.A., Montgomery, C.A., Jr., Eustis, S.L.,

Wolfe, M.J., McConnell, E.E., and Hardisty, J.F.

(1985). Quality assurance in pathology for rodent

carcinogenicity studies. In Handbook of Carcinogen

Testing (H.A. Milman and E.K. Weisburger, Eds.),

pp. 345-357. Noyes Publications, Park Ridge. NJ.

Bos, R.P., Groenen, M.A.M., Theuws, J.L.G.,

Leijdekkers, Ch.-M., and Henderson, P.Th. (1984).

Metabolism of benzidine-based dyes and the

appearance of mutagenic metabolites in urine of rats

after oral or intraperitoneal administration.

Toxicology 31, 271-282.

Bos, R.P., van der Krieken, W., Smeijsters, L.,

Koopman, J.P., de Jonge, H.R., Theuws, J.L.G., and

Henderson, P.Th. (1986). Internal exposure of rats to

benzidine derived from orally administered benzidine-

based dyes after intestinal azo reduction. Toxicology

40, 207-213.



70 C.I. Direct Blue 218, NTP TR 430

Bowman, M.C., Oiler, W.L., Nony, C.R.,

Rowland, K.L., Billedeau, S.M., and Lowry, L.K.

(1982). Metabolism and distribution of two ’''C-

benzidine-congener-based dyes in rats as determined

by GC, HPLC, and radioassays. J. Anal. Toxicol. 6,

164-174.

Boyden, R., Potter, V.R., and Elvehjem, C.A. (1938).

Effect of feeding high levels of copper to albino rats.

J. Nutr. 15, 397-402.

Brown, J.P., and Dietrich, P.S. (1983). Mutagenicity

of selected sulfonated azo dyes in the

SalmonellaImxcxosomc assay: Use of aerobic and an-

aerobic activation procedures. Murat. Res. 116,

305-345.

Buchmann, A., Bauer-Hofmann, R., Mahr, J.,

Drinkwater, N.R., Luz, A, and Schwarz, M. (1991).

Mutational activation of the c-Ha-ra^ gene in liver

tumors of different rodent strains: Correlation with

susceptibility to hepatocarcinogenesis. Proc. Natl.

Acad. Sci. USA 88, 911-915.

Case, R.A.M. (1965). Tumours of the urinary tract as

an occupational disease in several industries. Ann. R.

Coll. Surg. Engl. 39, 213-235.

Case, R.A.M., Hosker, M.E., McDonald, D.B., and

Pearson, J.T. (1954). Tumours of the urinary bladder

in workmen engaged in the manufacture and use of

certain dyestuff intermediates in the British chemical

industry. Part I. The role of aniline, benzidine,

alpha-naphthylamine, and beta-naphthylamine. Br. J.

Ind. Med. 11, 75-104.

Cerniglia, C.E., Freeman, J.P., Franklin, W., and

Pack, L.D. (1982). Metabolism of azo dyes derived

from benzidine, 3,3'-dimethylbenzidine and

3,3'-dimethoxybenzidine to potentially carcinogenic

aromatic amines by intestinal bacteria. Carcinogenesis

3, 1255-1260.

Code of Federal Regulations (CFR) 21, Part 58.

Cox, D.R. (1972). Regression models and life-tables.

J. R. Star. Soc. B34, 187-220.

Crawford, B.D. (1985). Perspectives on the somatic

mutation model of carcinogenesis. In Advances in

Modern Environmental Toxicology: Mechanisms and

Toxicity of Chemical Carcinogens and Mutagens

(M.A. Mehlman, W.G. Flamm, and R.J. Lorentzen,

Eds.), pp. 13-59. Princeton Scientific Publishing Co.,

Inc., Princeton, NJ.

Delzell, E., Macaluso, M., and Cole, P. (1989). A
follow-up study of workers at a dye and resin man-

ufacturing plant. J. Occup. Med. 31, 273-278.

Dinse, G.E., and Haseman, J.K. (1986). Logistic

regression analysis of incidental-tumor data from

animal carcinogenicity experiments. Fundam. AppL

Toxicol. 6, 44-52.

Dinse, G.E., and Lagakos, S.W. (1983). Regression

analysis of tumour prevalence data. Appl. Statist. 32,

236-248.

Dragani, T.A., Manenti, G., and Della Porta, G.

(1991). Quantitative analysis of genetic susceptibility

to liver and lung carcinogenesis in mice. Cancer Res.

51, 6299-6303.

Dunn, O.J. (1964). Multiple comparisons using rank

sums. Technometrics 6, 241-252.

Dunnett, C.W. (1955). A multiple comparison

procedure for comparing several treatments with a

control. J. Am. Stat. Assoc. 50, 1096-1121.

Fishbein, L. (1981). Aromatic amines of major

industrial importance: Use and occurrence. In

Environmental Carcinogens Selected Methods of

Analysis (H. Egan, Ed.), Vol. 4, pp. 51-74. lARC
Publications No. 40. International Agency for

Research on Cancer, Lyon, France.

Flammang, T.J., Yamazoe, Y., Benson, R.W.,

Roberts, D.W., Potter, D.W., Chu, D.Z.J., Lang, N.P.,

and Kadlubar, F.F. (1989). Arachidonic

acid-dependent peroxidative activation of carcino-

genic arylamines by extrahepatic human tissue

microsomes. Cancer Res. 49, 1977-1982.



Kcfcrrnccs 71

Frederick, C.B., Weis, C.C., Flammang, T.J.,

Marlin, C.N., and Kadlubar, F.F. (1985). Hepatic

N-oxidaiion, acetyl-transfer and DNA-binding of the

acciylated metabolites of the carcinogen, benzidine.

Carcinogenesis 6, 959-965.

Frith, C.H., and Dooley, K. (1976). Brief com-

munication: Hepatic cytologic and neoplastic changes

in mice given benzidine dihydrochloride. J. Natl.

Cancer Inst. 56, 679-682.

Gart, J.J., Chu, K.C., and Tarone, R.E. (1979).

Statistical issues in interpretation of chronic bioassay

tests for carcinogenicity. J. Natl. Cancer Inst. 62,

957-974.

Gcnin, V.A. (1977). Formation of blasotmogenic

diphenyl aminoderivatives as a result of direct azo

dyes metabolism. Vopr. Onkol. 23, 50-52.

Goodman, J.I., Ward, J.M., Popp, J.A., Klaunig, J.E.,

and Fox, T.R. (1991). Mouse liver carcinogenesis:

Mechanisms and relevance. Fundam. Appl. Toxicol.

17, 651-665.

Griswold, D.P., Jr., Casey, A.E., Weisburger, E.K.,

and Weisburger, J.H. (1968). The carcinogenicity of

multiple intragastric doses of aromatic and

heterocyclic nitro or amino derivatives in young

female Sprague-Dawley rats. Cancer Res. 28,924-933.

Hadidian, Z., Fredrickson, T.N., Weisburger, E.K.,

Weisburger, J.H., Glass, R.M., and Mantel, N. (1968).

Tests for chemical carcinogens. Report on the

activity of derivatives of aromatic amines,

nitrosamines, quinolines, nitroalkanes, amides,

epoxides, aziridines, and purine antimetabolites. J.

Natl. Cancer Inst. 41, 985-1025.

Haseman, J.K. (1984). Statistical issues in the design,

analysis and interpretation of animal carcinogenicity

studies. Environ. Health Perspect. 58, 385-392.

Haseman, J.K., Huff, J., and Boorman, G.A. (1984).

Use of historical control data in carcinogenicity

studies in rodents. Toxicol. Pathol. 12, 126-135.

Haseman, J.K., Huff, J.E., Rao, G.N., Arnold, J.E.,

Boorman, G.A., and McConnell, E.E. (1985). Neo-
plasms observed in untreated and corn oil gavage

control groups of F344/N rats and (C57BL/6N x

C3H/HeN)Fj (B6C3Fi) mice. JNCI 75, 975-984.

Hollander, M., and Wolfe, D.A. (1973). Nonpara-

metric Statistical Methods pp. 120-123. John Wiley

and Sons, New York.

Holliday, R. (1987). The inheritance of epigenetic

defects. Science 238, 163-170.

International Agency for Research on Cancer (lARC)

(1972a). Benzidine. lARC Monographs on the

Evaluation of Carcinogenic Risk of Chemicals to

Man, Vol. 1, pp. 80-86. lARC, Lyon, France.

International Agency for Research on Cancer (lARC)

(1972b). Benzidine. lARC Monographs on the

Evaluation of Carcinogenic Risk of Chemicals to

Man, Vol. 1, pp. 87-91. lARC, Lyon, France.

Jonckheere, A.R. (1954). A distribution-free

it-sample test against ordered alternatives. Biometrika

41, 133-145.

Jones, P.A., and Buckley, J.D. (1990). The role of

DNA methylation in cancer. Adv. Cancer Res. 54,

1-23.

Kaplan, E.L., and Meier, P. (1958). Nonparametric

estimation from incomplete observations. J. Am.
Stat. Assoc. 53, 457-481.

Kennedy, J.C., Beland, F.A., Kadlubar, F.F., and

Martin, C.N. (1984). Binding of N-acetylbenzidine

and N,N'-diacetylbenzidine to hepatic DNA of rat

and hamster in vivo and in vitro. Carcinogenesis 5,

407-412.

Kirk-Othmer Encyclopedia of Chemical Technology

(1978). 3rd ed., Vol. 3, pp. 400-433. John Wiley and

Sons, Inc., New York.

Lakshmi, V.M., Mattammal, M.B., Spry, L.A.,

Kadlubar, F.F., Zenser, TV., and Davis, B.B. (1990).

Metabolism and disposition of benzidine in the dog.

Carcinogenesis 11, 139-144.

Lai, S., Papeschi, R., Duncan, R.J.S., and

Sourkes, T.L. (1974). Effect of copper loading on

various tissue enzymes and brain monoamines in the

rat. Toxicol. Appl. Pharmacol. 28, 395-405.

Lindquist, R.R. (1967). Studies on the pathogenesis

of hepatolenticular degeneration. I. Acid

phosphatase activity in copper-loaded rat livers. Am.
J. Pathol. 51, 471-481.



72 C.I. Direct Blue 218, NTP TR 430

Lindquist, R.R. (1968). Studies on the pathogenesis

of hepatolenticular degeneration. III. The effect of

copper on rat liver lysosomes. Am. J. Pathol. 53, 903-

927.

Littlefield, N.A., Nelson, C.J., and Frith, C.H. (1983).

Benzidine dihydrochloride: Toxicological assessment

in mice during chronic exposures. J. Toxicol. Environ.

Health 12, 671-685.

Lloyd, J.B., and Beck, F. (1966). The relationship of

chemical structure to teratogenic activity among
bisazo dyes: A re-evaluation. J. Embiyol. Exp.

Morph. 16, 29-39.

Lloyd, J.B., Beck, F., and Griffiths, A. (1965).

Structure-activity studies for the teratogenic effects of

bisazo dyes. J. Pharm. Pharmacol. 17, Suppl.,

126S-128S.

Lower, G.M., Jr., and Bryan, G.T. (1973). Enzymatic

N-acetylation of carcinogenic aromatic amines by

liver cytosol of species displaying different organ

susceptibilities. Biochem. Pharmacol. 22, 1581-1588.

Lutz, W.K. (1984). Structural characteristics of

compounds that can be activated to chemically

reactive metabolites: Use for a prediction of a

carcinogenic potential. Arch. Toxicol. Suppl. 7,

194-207.

Lynn, R.K., Donielson, D.W., Bias, A.M.,

Kennish, J.M., Wong, K., and Matthews, H.B. (1980).

Metabolism of bisazobiphenyl dyes derived from

benzidine, 3,3 ' -d i met hylbenzid i ne or
3,3'-dimethoxybenzidine to carcinogenic aromatic

amines in the dog and rat. Toxicol. Appl. Pharmacol.

56, 248-258.

Lynn, R.K., Garvie-Gould, C.T., Milam, D.F.,

Scott, K.F., Eastman, C.L., Bias, A.M., and

Rodgers, R.M. (1984). Disposition of the aromatic

amine, benzidine, in the rat: Characterization of

mutagenic urinary and biliary metabolites. Toxicol.

Appl. Pharmacol. 72, 1-14.

McConnell, E.E., Solleveld, H.A., Swenberg, J.A., and

Boorman, G.A. (1986). Guidelines for combining

neoplasms for evaluation of rodent carcinogenesis

studies. JNCI 76, 283-289.

McKnight, B., and Crowley, J. (1984). Tests for

differences in tumor incidence based on animal

carcinogenesis experiments. J. Am. Stat. Assoc. 79,

639-648.

Margolin, B.H., Codings, B.J., and Mason, J.M.

(1983). Statistical analysis and sample size

determinations for mutagenicity experiments with

binomial responses. Environ. Mutagen. 5, 705-716.

Maronpot, R.R., and Boorman, G.A. (1982). Inter-

pretation of rodent hepatocellular proliferative

alterations and hepatocellular tumors in chemical

safety assessment. Toxicol. Pathol. 10, 71-80.

Martin, C.N., and Kennedy, J.C. (1981). Rat liver

microsomal azoreductase activity on four azo dyes

derived from benzidine, 3,3'-dimethylbenzidine, or

3,3'-dimethoxybenzidine. Carcinogenesis 2, 307-312.

Martin, C.N., Beland, F.A., Roth, R.W., and

Kadlubar, F.F. (1982). Covalent binding of benzidine

and A-acetylbenzidine to DNA at the C-8 atom of

deoxyguanosine in vivo and in vitro. Cancer Res. 42,

2678-2686.

Mason, T.J., and Vogler, W.J. (1989). Bladder cancer

screening at the DuPont chambers works: A new
initiative. J. Occup. Med. 32, 874-877.

Meigs, J.W., Marrett, L.D., Ulrich, F.U., and

Flannery, J.T. (1986). Bladder tumor incidence

among workers exposed to benzidine: A thirty-year

follow-up. JNCI 76, 1-8.

Miller, J.A., and Miller, E.C. (1977). Ultimate

chemical carcinogens as reactive mutagenic electro-

phils. In Origins of Human Cancer, (H.H. Hiatt,

J.D. Watkins, and J.A. Winston, Eds.), pp. 605-628.

Cold Spring Harbor Laboratory, Cold Spring Harbor,

NY.

Mirkova, E.T., and Lalchev, S.G. (1990). The genetic

toxicity of the human carcinogens benzidine and

benzidine-based dyes: Chromosomal analysis in

exposed workers. In Mutatation and the Environment,

Part C. (M.L. Mendelsohn and R.J. Albertini, Eds.)

pp. 397-405. Wiley-Liss, Inc.



KiftTcmes 73

Mirsalis, J., Tyson, K., Beck, J., Loh, F.,

Sicinmci/., K., Conicras, C, Austere, L., Martin, S.,

and Spalding, J. (1983). Induction of unscheduled

DNA synthesis (UDS) in hcpatocytes following in

vitro and in vivo treatment. Environ. Mutagen. 5, 482.

(Abstr.)

Mortclmans, K., Haworth, S., Lawlor, T., Speck, W.,

Tainer, B., and Zeiger, E. (1986). Salmonella muta-

genicity tests. II. Results from the testing of 270

chemicals. Environ. Mutagen. 8 (Suppl. 7), 1-119.

Morton, K.C., Wang, C.Y., Garner, CD., and

Shirai, T. (1981). Carcinogenicity of benzidine,

N,N ' -diacetylbenzidine, and N-hydroxy-

N,N'-diacetylbenzidine for female CD rats.

Carcinogenesis 2, 747-752.

National Academy of Sciences (NAS) (1977).

Medical and Biologic Effects of Environmental

Pollutants: Copper. Committee on Medical and

Biologic Effects of Environmental Pollutants,

Washington, DC.

National Cancer Institute (NCI) (1976). Guidelines

for Carcinogen Bioassay in Small Rodents. Technical

Report Series No. 1. NIH Publication No. 76-801.

U.S. Department of Health, Education, and Welfare,

Public Health Service, National Institutes of Health,

Bethesda, MD.

National Institute for Occupational Safety and Health

(NIOSH) (1980). Health hazard alert-benzidine,

o-toluidine-, and o-dianisidine-based dyes. Publica-

tion No. 81-106. Cincinnati, OH.

National Institute for Occupational Safety and Health

(NIOSH) (1983). Preventing health hazards from

exposure to benzidine congener dyes. Publication

No. 83-105. Cincinnati, OH.

National Institute for Occupational Safety and Health

(NIOSH) (1990). National Occupational Exposure

Survey (NOES) (1981-1983). Unpublished provi-

sional data as of July 1, 1990.

National Institutes of Health (NIH) (1978). Open
Formula Rat and Mouse Ration (NIH-07). Specifi-

cation NIH-1 1-1335. U.S. Department of Health,

Education, and Welfare, Public Health Service,

National Institutes of Health, Bethesda, MD.

National Toxicology Program (NTP) (1990).

Toxicology and Carcinogenesis Studies of

3,3'-Dimethoxybenzidine Dihydrochloride (CAS No.

20325-40-0) in F344/N Rats (Drinking Water

Studies). Technical Report Series No. 372. NIH
Publication No. 90-2827. U.S. Department of Health

and Human Services, Public Health Service, National

Institutes of Health, Research Triangle Park, NC.

National Toxicology Program (NTP) (1991).

Toxicology and Carcinogenesis Studies of C.I. Acid

Red 114 (CAS No. 6459-94-5) in F344/N Rats

(Drinking Water Studies). Technical Report Series

No. 405. NIH Publication No. 92-3136. U.S.

Department of Health and Human Services, Public

Health Service, National Institutes of Health,

Research Triangle Park, NC.

National Toxicology Program (NTP) (1992a).

Toxicology and Carcinogenesis Studies of

3,3'-Dimethylbenzidine Dihydrochloride (CAS No.

612-82-8) in F344/N Rats (Drinking Water Studies).

Technical Report Series No. 390. NIH Publication

No. 91-2845. U.S. Department of Health and Human
Services, Public Health Service, National Institutes of

Health, Research Triangle Park, NC.

National Toxicology Program (NTP) (1992b).

Toxicology and Carcinogenesis Studies of C.I. Direct

Blue 15 (CAS No. 2429-74-5) in F344/N Rats

(Drinking Water Studies). Technical Report Series

No. 397. NIH Publication No. 92-2854. U.S.

Department of Health and Human Services, Public

Health Service, National Institutes of Health,

Research Triangle Park, NC.

National Toxicology Program (NTP) (1993). Toxicity

Studies of Cupric Sulfate (CAS No. 7758-99-8)

Administered in Drinking Water and Feed to F344/N

Rats and B6C3Fj Mice. Toxicity Report Series

No. 29. NIH Publication No. 93-3352. U.S.

Department of Health and Human Services, Public

Health Service, National Institutes of Health,

Research Triangle Park, NC.

Nelson, C.J., Baetcke, K.P., Frith, C.H., Kodell, R.L.,

and Schieferstein, G. (1982). The influence of sex,

dose, time, and cross on neoplasia in mice given

benzidine dihydrochloride. Toxicol. Appl. Pharmacol.

64, 171-186.



74 C.I. Direct Blue 218, NTP TR 430

Nony, C.R., and Bowman, M.C. (1980). Trace

analysis of potentially carcinogenic metabolites of an

azo dye and pigment in hamster and human urine as

determined by two chromatographic procedures. J.

Chromat. Sci. 18, 64-74.

Nony, C.R., Bowman, M.C., Cairns, T., Lowry, L.K.,

and Tolos, W.P. (1980). Metabolism studies of an

azo dye and pigment in the hamster based on analysis

of the urine for potentially carcinogenic aromatic

amine metabolites. J. Anal. Toxicol. 4, 132-140.

Perera, F.P., Hemminki, K., Young, T.L.,

Brenner, D., Kelly, G., and Santella, R.M. (1988).

Detection of polycyclic aromatic hydrocarbon-DNA

adducts in white blood cells of foundry workers.

Cancer Res. 48, 2288-2291.

Phillips, D.H., Cross, M.F., Kennelly, J.C., Wilcox, P.,

and O’Donovan, M.R. (1990). Determination of

benzidine-DNA adduct formation in CHO, HeLa,

L5178Y, TK6 and V79 cells. Mutagenesis 5, 67-69.

Pliss, G.B. (1963). On some regular relationships

between carcinogenicity of aminodiphenyl derivatives

and the structure of substance. Acta Inti. Union

Contra Cancer 19, 499-501.

Pliss, G.B. (1965). Carcinogenic properties of

orthotolidine and dianisidine. Gig. Tr. Prof. Zabol. 9,

18-22.

Pliss, G.B., and Zabezhinsky, M.A. (1970).

Carcinogenic properties of ortho-toluidine

(3,3'-dimethylbenzidine). J. Natl. Cancer Inst. 45,

283-289.

Prival, M.J., and Mitchell, V.D. (1982). Analysis of

a method for testing azo dyes for mutagenic activity

in Salmonella typhimuriiim in the presence of flavin

mononucleotide and hamster liver S9. Mutat. Res.

97, 103-116.

Prival, M.J., Bell, S.J., Mitchell, V.D., Peiperl, M.D.,

and Vaughn, V.L. (1984). Mutagenicity of benzidine

and benzidine-congener dyes and selected monoazo

dyes in a modified Salmonella assay. Mutat. Res. 136,

33-47.

Radomski, J.L., and Mellinger, T.J. (1962). The

absorption, fate and excretion in rats of the water-

soluble azo dyes, FD&C Red No. 2, FD&C Red

No. 4, and FD&C Yellow No. 6. J. Pharmacol. Exp.

Ther. 136, 259-266.

Reid, T.M., Morton, K.C., Wang, C.Y., and

King, C.M. (1984a). Mutagenicity of azo dyes follow-

ing metabolism by different reductive/oxidative

systems. Environ. Mutagen. 6, 705-717.

Reid, T.M., Wang, C.Y., King, C.M., and

Morton, K.C. (1984b). Mutagenicity of some benzi-

dine congeners and their V-acetylated and N,N'-

diacetylated derivatives in different strains of

Salmonella typhimuriiim. Environ. Mutagen. 6,

145-151.

Reynolds, S.H., Patterson, R.M., Mennear, J.H.,

Maronpot, R.R., and Anderson, M.W. (1990). Ras

gene activation in rat tumors induced by benzidine

congeners and derived dyes. Cancer Res. 50, 266-272.

Robens, J.F., Dill, G.S., Ward, J.M., Joiner, J.R.,

Griesemer, R.A., and Douglas, J.F. (1980). Thirteen-

week subchronic toxicity studies of Direct Blue 6,

Direct Black 38, and Direct Brown 95 dyes. Toxicol.

Appl. Pharmacol. 54, 431-442.

Saffiotti, U., Cefis, F., Montesano, R., and

Sellakumar, A.R. (1967). Induction of bladder cancer

in hamsters fed aromatic amines. In Bladder Cancer,

A Symposium (W.B. Deichmann and K.F. Lampe,

Eds.), pp. 129-135. Aesculapius Publishing Co.,

Birmingham, AL.

Schieferstein, G.J., Shinohara, Y., Allen, R.R.,

Sheldon, W., Greenman, D.L., and Allaben, W.T.

(1989). Carcinogenicity study of 3,3 '-dimethyl-

benzidine dihydrochloride in BALB/c mice. Food

Chem. Toxicol. 27, 801-806.

Schieferstein, G.J., Sheldon, W.G., Allen, R.R.,

Greenman, D.L., and Allaben, W.T. (1990). Onco-

genic evaluation of 3,3'-dimethoxybenzidine

dihydrochloride in BALB/c mice. J. Am. College

Toxicol. 9, 71-77.



Kcfcrtr tiers 75

Scott, T.S. (1952). The incidence of bladder tumours

in a dyestuffs factory. Br. J. Ind. Meet 9, 127-132.

Sellakumar, A.R., Montesano, R., and Saffiotti, U.

( 1969). Aromatic amines carcinogenicity in hamsters.

Proc. Amer. Assoc. Cancer Res. 10, 78. (Abstr.)

Shinka, T, Sawada, Y., Morimoto, S., Fujinaga, T.,

Nakamura, J., and Ohkawa, T. (1991). Clinical study

on urothelial tumors of dye workers in Wakayama

City. J. Urology 146, 1504-1507.

Shirley, E. (1977). A non-parametric equivalent of

Williams’ test for contrasting increasing dose levels of

a treatment. Biometrics 33, 386-389.

Spitz, S., Maguigan, W.H., and Dobriner, K. (1950).

The carcinogenic action of benzidine. Cancer 3,

789-804.

Sternlieb, I. (1980). Copper and the liver.

Gastroenterology 78, 1615-162^

Straus, D.S. (1981). Somatic mutation, cellular

differentiation, and cancer causation. JNCI 67,

233-241.

Stula, E.F., Barnes, J.R., Sherman, H.,

Reinhardt, C.F., and Zapp, J.A., Jr. (1978). Liver

and urinary bladder tumors in dogs from 3,3'-

dichlorobenzidine. J. Environ. Pathol. Toxicol. 1, 475-

490.

Talaska, G., Au, W.W., Ward, J.B., Jr., Randerath, K.,

and Legator, M.S. (1987). The correlation between

DNA adducts and chromosomal aberrations in the

target organ of benzidine exposed, partially-

hepatectomized mice. Carcinogenesis 8, 1899-1905.

Tarone, R.E. (1975). Tests for trend in life table

analysis. Biometrika 62, 679-682.

Tennant, R.W., Margolin, B.H., Shelby, M.D.,

Zeiger, E., Haseman, J.K., Spalding, J., Caspary, W.,

Resnick, M., Stasiewicz, S., Anderson, B., and

Minor, R. (1987). Prediction of chemical carcino-

genicity in rodents from in vitro genetic toxicity

assays. Science 236, 933-941.

Tomatis, L., Aitio, A., Wilbourn, J., and Shuker, L.

(1989). Human carcinogens so far identified. Japan

J. Cancer Res. 80, 795-807.

U.S. Environmental Protection Agency (USEPA)
(1980). TSCA Chemical Assessment Series,

Preliminary Risk Assessment, Phase I. Benzidine, its

congeners, and their derivative dyes and pigments,

(EPA-560/11-80-019). Office of Pesticides and Toxic

Substances, USEPA, Washington, DC.

U.S. International Trade Commission (USITC)

(1985). Synthetic Organic Chemicals - U.S.

Production and Sales, p. 58. U.S. Government

Printing Office, Washington, DC.

Vesselinovitch, S.D., Rao, K.V.N., and
Mihailovich, N. (1975). Factors modulating benzi-

dine carcinogenicity bioassay. Cancer Res. 35, 2814-

2819.

Vorce, R.L., and Goodman, J.I. (1989). Altered

methylation of ras oncogenes in benzidine-induced

B6C3Fj mouse liver tumors. Toxicol. Appl.

Pharmacol. 100, 398-410.

Walker, R. (1970). The metabolism of azo

compounds: A review of the literature. Food
Cosmet. Toxicol. 8, 659-676.

Wang, C.Y., Zubowski, K., Yamada, H., Imaida, K.,

and Lee, M-.S. (1990). Production of urothelial

tumors in the heterotopic bladder of rat by benzidine

derivatives. Cancer Res. 50, 2868-2871.

Ward, E., Carpenter, A, Markowitz, S., Roberts, D.,

and Halperin, W. (1991). Excess number of bladder

cancers in workers exposed to ortho-toluidine and

aniline. J. Natl. Cancer Inst. 83, 501-506.

Williams, D.A. (1971). A test for differences between

treatment means when several dose levels are

compared with a zero dose control. Biometrics 27,

103-117.

Williams, D.A. (1972). The comparison of several

dose levels with a zero dose control. Biometrics 28,

519-531.



76 C.I. Direct Blue 218, NTP TR 430

Wilson, J.G. (1955). Teratogenic activity of several

azo dyes chemically related to trypan blue. Anat. Rec.

123, 313-334.

Wise, R.W., Zenser, T.V., Kadlubar, F.F., and

Davis, B.B. (1984). Metabolic activation of carcino-

genic aromatic amines by dog bladder and kidney

prostaglandin H synthase. Cancer Res. 44, 1893-1897.

Woodruff, R.C., Mason, J.M., Valencia, R., and

Zimmering, S. (1985). Chemical mutagenesis testing

in Drosophila: V. Results of 53 coded compounds
tested for the National Toxicology Program. Environ.

Mutagen. 7, 677-702.

Yamazoe, Y., Zenser, T.V., Miller, D.W., and

Kadlubar, F.F. (1988). Mechanism of formation and

structural characterization of DNA adducts derived

from peroxidative activation of benzidine.

Carcinogenesis 9, 1635-1641.

Yoshida, O., and Miyakawa, M. (1973). Etiology of

bladder cancer: "Metabolic" aspects. In Analytical

and Experimental Epidemiology of Cancer (Nakahara,

et al., Eds.), pp. 32-39. University Park Press,

Baltimore, MD.

Xue-Yun, Y., Ji-Gong, C., and Yong-Ning, H. (1990).

Studies on the relation between bladder cancer and

benzidine or its derived dyes in Shanghai. Br. J. Ind.

Med. 47, 544-552.

Zavon, M.R., Hoegg, U., and Bingham, E. (1973).

Benzidine exposure as a cause of bladder tumors.

Arch. Environ. Health 27, 1-7.

Zeiger, E., Anderson, B., Haworth, S., Lawlor, T.,

Mortelmans, K., and Speck, W. (1987). Salmonella

mutagenicity tests. III. Results from the testing of

225 chemicals. Environ. Mutagen. 9 (Suppl. 9), 1-110.

Zeiger, E., Anderson, B., Haworth, S., Lawlor, T., and

Mortelmans, K. (1988). Salmonella mutagenicity

tests. IV. Results from the testing of 300 chemicals.

Environ. Mol. Mutagen. 11 (Suppl. 12), 1-158.

Zeiger, E., Haseman, J.K., Shelby, M.D.,

Margolin, B.H., and Tennant, R.W. (1990). Evalu-

ation of four in vitro genetic toxicity tests for

predicting rodent carcinogenicity: Confirmation of

earlier results with 41 additional chemicals. Environ.

Mol. Mutagen. 16 (Suppl. 18), 1-14.



1

\
I

1
V

1

f

iA •

¥'

i

A



I

3

i

1



77

APPENDIX A
SUMMARY OF LESIONS IN MALE RATS

IN THE 2-YEAR FEED STUDY
OF C.L DIRECT BLUE 218

Table A1 Summary of the Incidence of Neoplasms in Male Rats

in the 2-Year Feed Study of C.L Direct Blue 218 79

Table A2 Individual Animal Tumor Pathology of Male Rats

in the 2-Year Feed Study of C.L Direct Blue 218 84

Table A3 Statistical Analysis of Primary Neoplasms in Male Rats

in the 2-Year Feed Study of C.L Direct Blue 218 104

Table A4a Historical Incidence of Oral Epithelium Neoplasms

in Untreated Male F344/N Rats 109

Table A4b Historical Incidence of Forestomach Neoplasms

in Untreated Male F344/N Rats 109

Table A5 Summary of the Incidence of Nonneoplastic Lesions in Male Rats

in the 2-Year Feed Study of C.L Direct Blue 218 110



78 C.I. Direct Blue 218, NTP TR 430



t

,

lesions in Mule KuLs

I

79

l AHI.K Ai

Smiimury of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218^

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Disposition Summary
Animals initially in study 60 60 60 60

IS-Month interim evaluation 10 10 10 9

Eiarly deaths

Moribund 13 22 16 18

Natural deaths 7 3 5 9

Survivors

Terminal sacrifice 30 25 29 24

Animals examined microscopically 60 60 60 59

15-Monih Interim Evaluation

I Alimentary System

,

None

I
Cardiovascular System

None

Endocrine System

Adrenal gland, medulla (10) (10) (10) (9)

Pheochromocytoma 1 (11%)

Pituitary gland (9) (10) (10) (9)

Pars distalis, adenoma 1 (10%) 2 (22%)

I

General Body System

None

Genital System

Testes

Interstitial cell, adenoma

Bilateral, interstitial cell, adenoma

(10)

4 (40%)

5 (50%)

(10)

4 (40%)

3 (30%)

(10)

3 (30%)

(9)

4 (44%)

Hematopoietic System

Spleen (10) (10) (10) (9)

Leukemia mononuclear 1 (10%)

Integumentary System

None

Musculoskeletal System
None

(
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Table A1
Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of C.l. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

15-Month Interim Evaluation (continued)

Nervous System

None

Respiratory System
Lung (10) (10) (10) (9)

Alveolar/bronchiolar adenoma 1 (11%)

Special Senses System

None

Urinary System

None

Systemic Lesions

None

2-Year Study

Alimentary System

Esophagus (50) (50) (50) (50)

Intestine large, colon (50) (50) (50) (50)

Leiomyoma 1 (2%)
Sarcoma, metastatic, spleen 1 (2%)

Intestine large, rectum (46) (49) (49) (50)

Intestine large, cecum (46) (49) (49) (49)

Adenocarcinoma 1 (2%)
Intestine small, duodenum (49) (49) (50) (48)

Sarcoma, metastatic, spleen 1 (2%)
Intestine small, jejunum (47) (49) (49) (46)

Intestine small, ileum (46) (49) (48) (47)

Liver (50) (50) (50) (50)

Hepatocellular adenoma 4 (8%) 5 (10%) 1 (2%) 6 (12%)
Hepatocellular adenoma, multiple 1 (2%) 1 (2%) 1 (2%)
Histiocytic sarcoma 2 (4%)
Sarcoma, metastatic, spleen 1 (2%)

Mesentery (5) (5) (7) (4)

Sarcoma, metastatic, spleen 1 (14%)
Pancreas (50) (50) (50) (50)

Sarcoma, metastatic, spleen 1 (2%)
Pharynx 0) (9)

Palate, basosquamous tumor benign 1 (11%)
Palate, squamous cell carcinoma 1 (11%)
Palate, squamous cell papilloma 5 (56%)

Salivary glands (50) (50) (50) (50)

Carcinoma 1 (2%)
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Tahi.k A1

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Alimentary System (continued)

Stomach, forestomach (50) (50) (50) (50)

Sarcoma, metastatic, spleen

Squamous cell carcinoma

Squamous cell papilloma

Stomach, glandular (50) (50)

1 (2%)

1 (2%)

2 (4%)

(50)

1 (2%)

(50)

Cardiuvasculur System

Heart (50) (50) (50) (50)

Schwannoma malignant 1 (2%) 1 (2%)

Kndocrine System

Adrenal cortex (49) (50) (50) (50)

Adenoma
Sarcoma, metastatic, spleen 1 (2%)

1 (2%)

Adrenal medulla (49) (50) (50) (50)

Mixed tumor malignant 1 (2%)
Pheochromocytoma malignant 2 (4%) 2 (4%) 1 (2%)
Pheochromocytoma benign 14 (29%) 7 (14%) 9 (18%) 7 (14%)
Sarcoma, metastatic, spleen 1 (2%)
Bilateral, pheochromocytoma benign 1 (2%) 2 (4%) 3 (6%) 5 (10%)

Islets, pancreatic (50) (50) (50) (50)

Adenoma 4 (8%) 5 (10%) 3 (6%) 7 (14%)
Carcinoma 1 (2%)

Parathyroid gland (43) (47) (46) (45)

Adenoma 1 (2%) 1 (2%)
Pituitary gland (50) (50) (48) (50)

Pars distalis, adenoma 15 (30%) 14 (28%) 15 (31%) 9 (18%)
Pars distalis, adenoma, multiple

Pars distalis, carcinoma 2 (4%)

1 (2%) 3 (6%)

Thyroid gland (50) (50) (50) (50)

C-cell, adenoma 7 (14%) 1 (2%) 4 (8%) 4 (8%)
C-cell, carcinoma 1 (2%) 1 (2%) 1 (2%)
Follicular cell, carcinoma 1 (2%) 1 (2%)

General Body System

None

Genital System

Epididymis (50) (50) (50) (50)

Preputial gland (50) (50) (50) (49)

Adenoma 1 (2%) 3 (6%) 2 (4%) 2 (4%)
Squamous cell papilloma

Bilateral, adenoma 1 (2%)

1 (2%)

Prostate (50) (50) (50) (49)

Seminal vesicle (50) (50) (50) (49)
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Table A1
Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Genital System (continued)

Testes (50) (50) (50) (50)

Sarcoma, metastatic, spleen

Bilateral, interstitial cell, adenoma 41 (82%) 41 (82%)

1 (2%)
43 (86%) 33 (66%)

Interstitial cell, adenoma 4 (8%) 5 (10%) 5 (10%) 11 (22%)

Hematopoietic System

Blood (1)

Bone marrow (50) (50) (50) (50)

Histiocytic sarcoma 2(4%)
Lymph node (15) (16) (23) (18)

Pancreatic, rhalxlomyosarcoma, metastatic.

skeletal muscle 1 (7%)
Lymph node, mandibular (48) (50) (49) (50)

Lymph node, mesenteric (49) (50) (50) (50)

Rhabdomyosarcoma, metastatic, skeletal muscle

Sarcoma, metastatic, spleen

1 (2%)

1 (2%)
Spleen (50) (50) (50) (49)

Sarcoma 1 (2%) 1 (2%)
Thymus (48) (40) (49) (48)

Integumentary System

Mammary gland (48) (49) (50) (46)

Adenocarcinoma 1 (2%)
Fibroadenoma 2 (4%) 2 (4%) 1 (2%) 1 (2%)
Fibroadenoma, multiple

Histiocytic sarcoma

1 (2%)

1 (2%)
Skin (50) (50) (50) (50)

Basal cell adenoma 2 (4%) 2 (4%)
Basal cell carcinoma 1 (2%)
Basosquamous tumor benign 1 (2%)
Keratoacanthoma 1 (2%) 2 (4%) 2 (4%) 3(6%)
Keratoacanthoma, multiple

Squamous cell papilloma 1 (2%)

1 (2%)

1 (2%)
Sebaceous gland, adenoma 1 (2%) 1 (2%)
Subcutaneous tissue, fibroma 4 (8%) 4 (8%) 5 (10%) 2(4%)
Subcutaneous tissue, fibrosarcoma 1 (2%)
Subcutaneous tissue, histiocytic sarcoma

Subcutaneous tissue, neurofibrosarcoma 1 (2%)

1 (2%)

Musculoskeletal System

Skeletal muscle (2) (1) 0)
Histiocytic sarcoma

Lipoma

Abdominal, rhabdomyosarcoma 1 (50%)

1 (100%)

1 (1009
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I ABI.K A1

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Nervous System

Brain (50) (50) (50) (50)

Ependymoma benign 1 (2%)

Respiratory System

l,ung (50) (50) (50) (50)

AJveolar/bronchiolar adenoma 2 (4%) 1 (2%) 2 (4%)

Histiocytic sarcoma

Phcochromocytoma malignant, metastatic,

1 (2%)

adrenal medulla 1 (2%)
Sarcoma, metastatic, spleen 1 (2%)

Nose (50) (50) (49) (50)

Trachea (50) (50) (50) (50)

Special Senses System

Zymbal’s gland

Carcinoma

Squamous cell papilloma

(48)

1 (2%)

1 (2%)

(48)

1 (2%)

(48)

1 (2%)

(48)

1 (2%)

Urinary System

Kidney (50) (50) (50) (50)

Renal tubule, adenoma 2 (4%)
Transitional epithelium, carcinoma 1 (2%) 1 (2%)

Urinary bladder (50) (50) (50) (50)

Systemic Lesions

Multiple organs** (50) (50) (50) (50)

Histiocytic sarcoma

Leukemia mononuclear 18 (36%) 25 (50%) 23 (46%)
2 (4%)

26 (52%)
Mesothelioma malignant 1 (2%) 1 (2%) 1 (2%)

Neoplasm Summary
Total animals with primary neoplasms** 49 50 49 49

Total primary neoplasms 136 129 137 143

Total animals with benign neoplasms 47 50 49 46

Total benign neoplasms 107 100 102 106

Total animals with malignant neoplasms 27 27 28 31

Total malignant neoplasms 29 29 35 37

Total animals with metastatic neoplasms 1 2

Total metastatic neoplasms 2 12

Number of animals examined microscopically at site and number of animals with neoplasm
^ Number of animals with any tissue examined microscopically
^ Primary neoplasms: all neoplasms except metastatic neoplasms
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm

2 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7

Number of Days on Study 7 3 0 3 4 7 7 7 8 0 1 1 2 3 7 7 7 8 9 1 3 3 3 3 3

3 8 6 9 8 0 2 2 1 7 4 8 9 0 3 3 9 2 3 5 3 3 3 3 3

0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0

Carcass ID Number 1 2 5 4 5 7 6 9 4 9 7 0 4 3 5 8 7 0 3 6 1 1 1 1 2

1 1 3 2 1 1 2 5 1 2 2 1 3 4 4 2 4 2 1 5 2 3 4 5 2

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + +
Leiomyoma

Intestine large, rectum A A + + + + + + + + + A + + + + + A + + + + + + +
Intestine large, cecum A A + + + + + + + + + A + + + + + A + + + + + + +
Intestine small, duodenum + A + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, jejunum A A + + + A + + + + + + + + + + + + + + + + + + +
Intestine small, ileum A A + + + + + + + + + A + + + + + A + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + + +
Hepatocellular adenoma X X
Hepatocellular adenoma, multiple

Mesentery +
Pancreas + + + + + + + + + + + + + + + 4- + + + + + + + + +
Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + + +
Schwannoma malignant X

Endocrine System

Adrenal cortex + + -1- + + + M + -1- + + + + + + -t- + + + -1- -1- + + + +
Adrenal medulla + + -1- + + + M + -1- + + + + + -1- + + + -1-

-t- + + + +
Pheochromocytoma malignant X
Pheochromocytoma benign X X X X X X X
Bilateral, pheochromocytoma benign

Islets, pancreatic + -1- -1- + -1- + + + -1- + + + + + + -t- + -1- + -t- + + -f- + +
Adenoma X

Parathyroid gland M + -1- + -1-
-t- + -1- -1- -1- + + + + M -1- + -t- + + -1- + + + +

Pituitary gland -1- -1- + + -I- + + -1-
-t-

-1- + + + + + + + + + + + + + + +
Pars distalis, adenoma X X X X X X X
Pars distalis, carcinoma X X

Thyroid gland -t- -1- + + + + + -1- + -t- + -1- + + + + + + -1- + + + + +
C-cell, adenoma X X X X X
C-cell, carcinoma

General Body System

None

Genital System
Epididymis + -1- + + + + + + + -t- + -1- + -1- + -1- + + + + -1- + + +
Preputial gland -1- + -f + + + + + + + + + -1- + -1- + + -t- + + + + + + +
Adenoma
Bilateral, adenoma

Prostate + + + + + + + + + -1- -1- -1-
-f- + -f -1- + + + -1- + + +

Seminal vesicle -t- + -t- + + + -t-
-1- + + -t- + + -1- + -1- -1- + + + + -t- + + +

Testes -1- + •f + + + -1- -1- + -1- -t- + -1- -1- + -1- -1- + + + + + + + +
Bilateral, interstitial cell, adenoma X X X X X X X X X X X X X X X X X X
Interstitial cell, adenoma X X

+ : Tissue examined microscopically

A: Autolysis precludes examination

M; Missing tissue

I: Insufficient tissue

X: Lesion present

Blank: Not examined
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Taiu.k A2
Individual Animal Tumor Pathology of Male Rats In the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Numl)er of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 Total

Curcu.vs II) Number 2 2 2 3 3 3 4 4 5 5 6 6 6 7 7 8 8 8 8 9 9 9 0 0 0 Tissues/

3 4 5 2 3 5 4 5 2 5 1 3 4 3 5 1 3 4 5 1 3 4 3 4 5 Tumors

Alimentary System

Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 50

Lxiomyoma X 1

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 46

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 46

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 47

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 46

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50

Hepatocellular adenoma X X 4

Hepatocellular adenoma, multiple X 1

Mesentery + + + + 5

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, foreslomach + + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50

Schwannoma malignant 1

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + + 49

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + + 49

Pheochromocytoma malignant X 2

Pheochromocytoma benign X X X X X X X 14

Bilateral, pheochromocytoma benign X 1

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma X X X 4

Parathyroid gland M + + + + + + M + + + + + + + M M + + + + + + M + 43

Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Pars distalis, adenoma X X X X X X X X 15

Pars distalis, carcinoma 2

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

C-cell, adenoma X X 7

C-cell, carcinoma X 1

General Body System
None

Genital System
Epididymis + + + + + + + + + + + + + + + + + + + + + + + + + 50

Preputial gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma X 1

Bilateral, adenoma X 1

Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 50

Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + + 50

Testes + + + + + + + + + + + + + + + + + + + + + + + + + 50

Bilateral, interstitial cell, adenoma X X X X X X X X X X X X X X X X X X X X X X X 41

Interstitial cell, adenoma X X 4
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm
(continued)

2 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7

Number of Days on Study 7 3 0 3 4 7 7 7 8 0 1 1 2 3 7 7 7 8 9 1 3 3 3 3 3

3 8 6 9 8 0 2 2 1 7 4 8 9 0 3 3 9 2 3 5 3 3 3 3 3

0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0

Carcass ID Number 1 2 5 4 5 7 6 9 4 9 7 0 4 3 5 8 7 0 3 6 1 1 1 1 2

1 1 3 2 1 1 2 5 1 2 2 1 3 4 4 2 4 2 1 5 2 3 4 5 2

Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + + + + + + + + + +
Pancreatic, rhabdomyosarcoma,

metastatic, skeletal muscle X
Lymph node, mandibular + + M + + + + + + + + + + + + + + + + + + + + + +
Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + +
Rhabdomyosarcoma, metastatic.

skeletal muscle X
Spleen + + + + + + + + + + + + + + + + + + + + + + + + +
Thymus + + + + + 4- + + M + + + + + + + + + + + + + + + +

Integumentary System
Mammary gland + + + + + M + + + + + + + + + + + + + + + + + + +
Fibroadenoma X

Skin + + + + + + + + + + + + + + + + + + + + + + + + +
Basal cell adenoma X
Keratoacanthoma

Squamous cell papilloma

Subcutaneous tissue, fibroma X
Subcutaneous tissue.

neurofibrosarcoma X

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + +
Skeletal muscle +
Abdominal, rhabdomyosarcoma X

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + +

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X

Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Eye + + + +
Zymbal’s gland + + + + + M + M + + + + + + + + + + + + + + + + +
Carcinoma X
Squamous cell papilloma X

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + +
Transitional epithelium, carcinoma X

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + +

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + +
Leukemia mononuclear X X X X X X X X X
Mesothelioma malignant
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Table A2
Individuul Animal Tumor Pathology of Male Rats in the 2*Year Feed Study of C.I. Direct Blue 218: 0 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Duys on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 Total

Carcass ID Number 2 2 2 3 3 3 4 4 5 5 6 6 6 7 7 8 8 8 8 9 9 9 0 0 0 Tissues/

3 4 5 2 3 5 4 5 2 5 1 3 4 3 5 1 3 4 5 1 3 4 3 4 5 Tumors

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50

Lymph node + + + + + 15

Pancreatic, rhabdomyosarcoma,

metastatic, skeletal muscle 1

Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + M 48

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + 49

Rhabdomyosarcoma, metastatic.

skeletal muscle 1

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50

Thymus + + + + + + + + + + + + + + + + + + + + M + + + + 48

Integumentary System
Mammary gland + + + + M + + + + + + + + + + + + + + + + + + + 48

Fibroadenoma X 2

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 50

Basal cell adenoma X 2

Keratoacanthoma X 1

Squamous cell papilloma X 1

Subcutaneous tissue, fibroma X X X 4

Subcutaneous tissue.

neurofibrosarcoma 1

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50

Skeletal muscle + 2

Abdominal, rhabdomyosarcoma 1

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50

Alveolar/bronchiolar adenoma X 2

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50

Special Senses System
Eye + 5

Zymbal’s gland + + + + + + + + + + + + + + + + + + + + + + + + + 48

Carcinoma 1

Squamous cell papilloma 1

Urinary System

Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50

Transitional epithelium, carcinoma 1

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + 50

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50

Leukemia mononuclear X X X X X X X X X 18

Mesothelioma malignant X 1
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm

3 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7

Number of Days on Study 6 0 1 1 1 2 3 3 3 4 4 5 5 6 7 7 7 7 8 1 1 1 1 2 2

9 1 4 7 8 1 1 7 7 1 6 1 1 0 0 1 1 3 5 3 3 4 5 1 6

1 1 1 1 2 1 1 1 1 1 2 1 1 2 2 2 2 1 1 1 1 1 1 1 1

Carcass ID Number 9 3 8 8 2 3 9 3 4 4 2 5 7 1 1 1 2 6 6 5 9 8 8 4 8

2 2 5 2 1 1 3 3 4 1 3 5 1 5 4 3 5 5 1 3 1 3 1 5 4

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + + + M + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + A + + +
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + A + + +
Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + A + + +
Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + A + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + + +
Hepatocellular adenoma X X X
Hepatocellular adenoma, multiple

Mesentery + +
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + +
Pharynx

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +
Tooth

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + +

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + +
Adrenal medulla + + + + + + + + + + + + + + + + + + + 4- + + + + +
Pheochromocytoma benign X X X
Bilateral, pheochromocytoma benign X X

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma X X X

Parathyroid gland + + + + M + + + + + + + + + + + + + + M + + + + +
Adenoma

Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Pars distalis, adenoma X X X X X X X X X

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + +
C-cell, adenoma

General Body System

None

Genital System

Coagulating gland

Epididymis

Preputial gland

Adenoma
Prostate

Seminal vesicle

Testes

Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma

+ + + + + +
+ + + + + +

X
+ + + + + +
+ + + + + +
+ + + + + +
XXX X

+ + + + + +
+ + + + + +
X X

+ + + + + +
+ + + + + +
+ + + + + +
X X X X X X

+ + + + + +
+ + + + + +

+ + + + + +
+ + + + + +
+ + + + + +
XX XXX

X

+
+ + + + + + +
+ + + + + + +

+ + + + + + +
+ + + + + + +
+ + + + + + +
XX X XX

X
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Tahlk A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(con(inucd)

Number of Days on Study

Carcass II) Number

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

0 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 Total

3 3 4 4 5 5 5 6 6 6 7 7 7 7 9 9 0 0 0 0 0 1 1 2 2 Tissues/

4 5 2 3 1 2 4 2 3 4 2 3 4 5 4 5 1 2 3 4 5 1 2 2 4 Tumors

+ + + + + + + + + + + + + + + + + + + + + + + + + 50

+ + + + + + + + + + + + + + + + + + + + + + + + + 50

+ + + + + + + + + + + + + + + + + + + + + + + + + 49

+ + + + + + + + + + + + + + + + + + + + + + + + 49

+ + + + + + + + + + + + + + + + + + + + + + + + + 49

+ + + + + + + + + + + + + + + + + + + + + + + + + 49

+ + + + + + + + + + + + + + + + + + + + + + + + + 49

+ + + + + + + + + + + + + + + + + + + + + + + + + 50

Alimentary System
[Esophagus

Intestine large, colon

Intestine large, rectum

Intestine large, cecum

Intestine small, duodenum
Intestine small, jejunum

Intestine small, ileum

Liver

Hepatocellular adenoma

Hepatocellular adenoma, multiple

Mesentery

X X

+ +
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50

Pharynx + 1

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50

Tooth + 1

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + + 50

Pheochromocytoma benign X X X X 7

Bilateral, pheochromocytoma benign 2

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma X X 5

Parathyroid gland + + + + + + + + + + + + + + + + + + + + + + + M + 47

Adenoma X 1

Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Pars distalis, adenoma X X X X X 14

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

C-cell, adenoma X 1

General Body System
None

Genital System
Coagulating gland 1

Epididymis + + + + + + + + + + + + + + + + + + + + + + + + + 50

Preputial gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma 3

Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 50

Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + + 50

Testes + + + + + + + + + + + + + + + + + + + + + + + + + 50

Bilateral, interstitial cell, adenoma X X X X X X X X X X X X X X X X X X X X X 41

Interstitial cell, adenoma XXX 5
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(continued)

Number of Days on Study

3666666666666666666777777
60111233344556777781111229147811771611001135334516

Carcass ID Number
1111211111211222211111111
9388239344257111266598848
2252113341351543551313154

Hematopoietic System
Blood

Bone marrow

Lymph node

Lymph node, mandibular

Lymph node, mesenteric

Spleen

Thymus

+
+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + +M+ + + + + + + + + + + + + + + + + +

Integumentary System
Mammary gland

Fibroadenoma

+ + + + + + + + + + + + + + + + + + + + + + + + +

Fibroadenoma, multiple

Skin

Basal cell adenoma

Basal cell carcinoma

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

X
Basosquamous tumor benign

Keratoacanthoma X
Keratoacanthoma, multiple

Subcutaneous tissue, fibroma X

Musculoskeletal System
Bone

Skeletal muscle

Lipoma

+ + + + + + + + + + + + + + + + + + + + + + + + +

Nervous System

Brain

Ependymoma benign

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

Respiratoty System

Lung

Nose

Trachea

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Eye

Harderian gland

Zymbal’s gland

Carcinoma

+
+

+ + + + + + + + + + + + + + + + +M+ + + + + + +
X

Urinary System
Kidney

Transitional epithelium, carcinoma

Urinary bladder

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

+ + + + + + + + + + + + + + + + + + + + + + + + +

Systemic Lesions

Multiple organs

Leukemia mononuclear

Mesothelioma malignant

+ + + + + + + + + + + + + + + + + + + + + + + + +
XX X XXX XXXXXXXX XX

X
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm

(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

0 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 Total

Carcass ID Number 3 3 4 4 5 5 5 6 6 6 7 7 7 7 9 9 0 0 0 0 0 1 1 2 2 Tissues/

4 5 2 3 1 2 4 2 3 4 2 3 4 5 4 5 1 2 3 4 5 1 2 2 4 Tumors

Hematopoietic System
Blood 1

Bone marrow + + + + + + + + + + + + + + + + + + + + 4- 4- 4 4 4 50

Lymph node + 16

Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + 4- 4- 4 4 4 50

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + 4- 4- 4 4 4 50

Spleen + + + + + + + + + + + + + + + + + + + + 4- 4- 4 4 4 50

Thymus M + + + + M + + M M + + + + M M M M M 4- 4- 4 4 4 40

Integumentary System

Mammary gland + + + + + M + + + + + + + + + + + + + + 4- 4- 4 4 4 49

Fibroadenoma X X 2

Fibroadenoma, multiple X 1

Skin + + + + + + + + + + + + + + + + + + + + 4- 4- 4 4 4 50

Basal cell adenoma X 2

Basal cell carcinoma 1

Basosquamous tumor benign X 1

Keratoacanthoma X 2

Keratoacanthoma, multiple X 1

Subcutaneous tissue, fibroma X X X 4

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + 4- 4- 4 4 4 50

Skeletal muscle + 1

Lipoma X 1

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + 4- 4- 4 4 4 50

Ependymoma benign 1

Respiratory System

Lung + + + + + + + + + + + + + + + + + 4- + + 4- 4- 4 4 4 50

Nose + + + + + + + + + + + + + + + + + + + + 4- 4 4 4 4 50

Trachea + + + + + + + + + + + + + + + + + + + 4- 4- 4 4 4 4 50

Special Senses System

Eye + + 4 4

Harderian gland 1

Zymbal’s gland + M + + + + + + + + + + 4- + + + + + + 4- 4- 4 4 4 4 48

Carcinoma 1

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + 4- + 4 4 + 4 50

Transitional epithelium, carcinoma 1

Urinary bladder + + + + + + + + + + + + + + + + + + + 4 4 4 4 + 4 50

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + 4- 4- 4 4 4 4 50

Leukemia mononuclear X X X X X X X X X 25

Mesothelioma malignant 1
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.L Direct Blue 218: 3,000 ppm

3 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7

Number of Days on Study 5 3 3 8 2 3 4 7 7 7 7 7 8 8 9 9 9 0 0 1 2 2 2 2 2

6 3 7 1 1 2 9 0 1 4 7 7 0 6 2 2 4 0 9 4 5 9 9 9 9

3 2 2 2 3 2 3 3 2 3 2 3 2 2 2 3 3 3 3 3 3 2 2 2 2

Carcass ID Number 3 9 6 5 0 7 4 0 5 3 6 4 8 5 8 1 4 0 2 2 3 5 5 6 6

3 2 3 4 3 5 4 1 5 2 2 5 5 2 1 1 3 2 3 2 4 1 3 1 4

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + +
Sarcoma, metastatic, spleen X

Intestine large, rectum + + A + + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum + + A + + + + + + + + + + + + + + + + + + + + + +
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + +
Sarcoma, metastatic, spleen X

Intestine small, jejunum + + + + + A + + + + + + + + + + + + + + + + + + +
Intestine small, ileum + + A + + + + + + + A + + + + + + + + + + + + + +
Liver + + + + + + + + + + + + + + 4- + + + + + + + + + +
Hepatocellular adenoma

Hepatocellular adenoma, multiple

Sarcoma, metastatic, spleen X
Mesentery + + + +
Sarcoma, metastatic, spleen X

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + +
Sarcoma, metastatic, spleen X

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma X

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + +
Sarcoma, metastatic, spleen X
Squamous cell carcinoma

Squamous cell papilloma X
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +
Tooth +

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + +
Schwannoma malignant X

Endocrine System
Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + +
Sarcoma, metastatic, spleen X

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + +
Mixed tumor malignant X
Pheochromocytoma malignant

Pheochromocytoma benign X X X
Sarcoma, metastatic, spleen X
Bilateral, pheochromocytoma benign X

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma
Carcinoma X

Parathyroid gland + + + + + + + + M + + + + + + + + M + + + + + + +
Adenoma

Pituitary gland + + + + + + + + + + + + + + M + + + + + + + + + +
Pars distalis, adenoma X X X X X
Pars distalis, adenoma, multiple X

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + +
C-cell, adenoma
C-cell, carcinoma

Follicular cell, carcinoma

X
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Tabi.K A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 Total

Carcass ID Number 6 7 7 7 7 8 8 8 9 9 9 9 0 0 1 1 1 1 2 2 2 3 3 4 4 Tissues/

5 1 2 3 4 2 3 4 1 3 4 5 4 5 2 3 4 5 1 4 5 1 5 1 2 Tumors

Alimentary System

Eisophagus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma, metastatic, spleen 1

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma, metastatic, spleen 1

Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50

Hepatocellular adenoma X 1

Hepatocellular adenoma, multiple X 1

Sarcoma, metastatic, spleen 1

Mesentery + + + 7

Sarcoma, metastatic, spleen 1

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma, metastatic, spleen 1

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50

Carcinoma 1

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma, metastatic, spleen 1

Squamous cell carcinoma X 1

Squamous ceil papilloma X 2

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50
Tooth 1

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50
Schwannoma malignant 1

Endocrine System
Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50
Sarcoma, metastatic, spleen 1

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + + 50

Mixed tumor malignant 1

Pheochromocytoma malignant X X 2

Pheochromocytoma benign X X X X X X 9

Sarcoma, metastatic, spleen 1

Bilateral, pheochromocytoma benign X X 3
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50
Adenoma X X X 3

Carcinoma
1

Parathyroid gland + + M + + + + M + + + + + + + + + + + + + + + 46

Adenoma X 1

Pituitary gland + + + + + + + + + + + + + + + + + + + + M + + + + 48
Pars distalis, adenoma X X X X X X X X X X 15

Pars distalis, adenoma, multiple 1

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50
C-cell, adenoma X X 4

C-cell, carcinoma
1

Follicular cell, carcinoma X 1
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(continued)

Number of Days on Study

3555666666666666677777777
53382347777788999001222226371129014770622409459999

Carcass ID Number

General Body System
None

3222323323232223333332222
3965074053648581402235566
3234354152255211323241314

Genital System
Epididymis

Preputial gland

Adenoma
Prostate

Seminal vesicle

Testes

Sarcoma, metastatic, spleen

Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

X X
+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

X
XXX xxxxxxxx xxxxxxxxxxx

X X

Hematopoietic System

Bone marrow

Lymph node

Lymph node, mandibular

Lymph node, mesenteric

Sarcoma, metastatic, spleen

Spleen

Sarcoma

Thymus

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + ++ + + + + +

+ + + + + + + + + M+ + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

X
+ + + + + + + + + + + + + + + + + + + + + + + + +

X
+ + + + + + + + + + + + + + + + + +M+ + + + + +

Integumentary System
Mammary gland

Fibroadenoma

Skin

Keratoacanthoma

Sebaceous gland, adenoma
Subcutaneous tissue, fibroma

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

X
X X

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + +

Nervous System
Brain

Spinal cord

+ + + + + + + + + + + + + + + + + + + + + + + + +
+

Respiratory System

Lung

Alveolar/bronchiolar adenoma
Pheochromocytoma malignant,

metastatic, adrenal medulla

+ + + + + + + + + + + + + + + + + + + + + + + + +

Sarcoma, metastatic, spleen

Nose

Trachea

X
+ + + + + + + + + + + + + + M+ + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Eye

Zymbal’s gland

Carcinoma

+ +
+ + + + + + + + + + + + +MM+ + + + + + + + + +
X
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1 able A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(conlinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 Total

Carcass ID Number 6 7 7 7 7 8 8 8 9 9 9 9 0 0 1 1 1 1 2 2 2 3 3 4 4 Tissues/

5 1 2 3 4 2 3 4 1 3 4 5 4 5 2 3 4 5 1 4 5 1 5 1 2 Tumors

General Body System

None

Genital System
Epididymis + + + + + + + + + + + + + + + + + + + + + + + + + 50

Preputial gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma 2

Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 50

Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + + 50

Testes + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma, metastatic, spleen 1

Bilateral, interstitial cell, adenoma X X X X X X X X X X X X X X X X X X X X X 43

Interstitial cell, adenoma X X X 5

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50

Lymph node + + + + + + + + + 23

Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + + 49

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma, metastatic, spleen 1

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma 1

Thymus + + + + + + + + + + + + + + + + + + + + + + + + + 49

Integumentary System

Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + 50

Fibroadenoma 1

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 50

Keratoacanthoma X 2

Sebaceous gland, adenoma 1

Subcutaneous tissue, fibroma X X X 5

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50

Spinal cord 1

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50

Alveolar/bronchiolar adenoma X 1

Pheochromocytoma malignant.

metastatic, adrenal medulla X 1

Sarcoma, metastatic, spleen 1

Nose + + + + + + + + + + + + + + + + + + + + + + + 49

Trachea + + + + + + + + + + + + + + + + + + + + + + + + 50

Special Senses System
Eye + 3

Zymbal’s gland + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma 1
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(continued)

3 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7

Number of Days on Study 5 3 3 8 2 3 4 7 7 7 7 7 8 8 9 9 9 0 0 1 2 2 2 2 2

6 3 7 1 1 2 9 0 1 4 7 7 0 6 2 2 4 0 9 4 5 9 9 9 9

3 2 2 2 3 2 3 3 2 3 2 3 2 2 2 3 3 3 3 3 3 2 2 2 2

Carcass ID Number 3 9 6 5 0 7 4 0 5 3 6 4 8 5 8 1 4 0 2 2 3 5 5 6 6

3 2 3 4 3 5 4 1 5 2 2 5 5 2 1 1 3 2 3 2 4 1 3 1 4

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + +
Renal tubule, adenoma

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + +

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + +
Leukemia mononuclear X X X X X X X X X X X X
Mesothelioma malignant X
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TaBI.K A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(conlinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 Total

Carcass ID Number 6 7 7 7 7 8 8 8 9 9 9 9 0 0 1 1 1 1 2 2 2 3 3 4 4 Tissues/

5 1 2 3 4 2 3 4 1 3 4 5 4 5 2 3 4 5 1 4 5 1 5 1 2 Tumors

Urinary System

Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50

Renal tubule, adenoma X X 2

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50

Systemic l>esions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50

L>eukemia mononuclear X X X X X X X X X X X 23

Mesothelioma malignant 1
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm

3 4 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7

Number of Days on Study 0 5 6 0 0 3 3 6 8 8 0 1 1 4 4 6 8 8 8 9 9 0 0 0 2

5 0 0 6 6 1 2 6 0 3 1 0 4 6 6 8 0 0 4 2 9 2 2 6 2

3 4 3 3 4 4 4 3 4 4 4 4 4 3 4 4 3 4 4 4 3 4 4 4 3

Carcass ID Number 8 6 9 7 6 4 2 7 4 0 2 3 4 8 0 5 7 0 0 5 9 1 2 4 9

1 1 2 3 3 3 4 5 4 5 5 2 2 4 1 3 1 3 4 4 1 3 2 5 4

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum + + + + + A + + + + + + + + + + + + + + + + + +
Adenocarcinoma X

Intestine small, duodenum + + + + + A + A + + + + + + + + + + + + + + + + +
Intestine small, jejunum + + + + A A + A + + + + + + + + + + + + + + + + +
Intestine small, ileum + + + + A A + A + + + + + + + + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + + +
Hepatocellular adenoma X X
Histiocytic sarcoma X

Mesentery + + + +
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + +
Pharynx + +

Palate, basosquamous tumor benign X
Palate, squamous cell carcinoma

Palate, squamous cell papilloma X
Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + +
Squamous cell papilloma

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + +

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + +
Pheochromocytoma malignant X
Pheochromocytoma benign X X
Bilateral, pheochromocytoma benign X X

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma X X

Parathyroid gland + + + + + + + + + M + + + + + + + + + + M + + + +
Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Pars distalis, adenoma X X X
Pars distalis, adenoma, multiple

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + +
C-cell, adenoma X
C-cell, carcinoma

Follicular cell, carcinoma X

General Body System

None
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

4 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 Total

Carcass ID Number 6 7 7 8 8 8 9 9 0 1 1 1 1 2 2 3 3 3 3 4 5 5 5 6 6 Tissues/

2 2 4 2 3 5 3 5 2 1 2 4 5 1 3 1 3 4 5 1 1 2 5 4 5 Tumors

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Adenocarcinoma 1

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine small, jejunum A + + + + + + + + + + + + + + + + + + + + + + + + 46

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 47

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50

Hepatocellular adenoma X X X X 6

Histiocytic sarcoma X 2

Mesentery 4

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50

Pharynx + + + + + + + 9

Palate, basosquamous tumor benign 1

Palate, squamous cell carcinoma X 1

Palate, squamous cell papilloma X X X X 5

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 50

Squamous cell papilloma X 1

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma X 1

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + + 50

Pheochromocytoma malignant 1

Pheochromocytoma benign X X X X X 7

Bilateral, pheochromocytoma benign X X X 5

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma X X X X X 7

Parathyroid gland + + + + + + + M + + + + + + + + + + + M + + + M + 45

Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Pars distalis, adenoma X X X X X X 9

Pars distalis, adenoma, multiple X X X 3

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

C-cell, adenoma X X X 4

C-cell, carcinoma X 1

Follicular cell, carcinoma 1

General Body System
None
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(continued)

3 4 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7

Number of Days on Study 0 5 6 0 0 3 3 6 8 8 0 1 1 4 4 6 8 8 8 9 9 0 0 0 2

5 0 0 6 6 1 2 6 0 3 1 0 4 6 6 8 0 0 4 2 9 2 2 6 2

3 4 3 3 4 4 4 3 4 4 4 4 4 3 4 4 3 4 4 4 3 4 4 4 3

Carcass ID Number 8 6 9 7 6 4 2 7 4 0 2 3 4 8 0 5 7 0 0 5 9 1 2 4 9

1 1 2 3 3 3 4 5 4 5 5 2 2 4 1 3 1 3 4 4 1 3 2 5 4

Genital System

Epididymis + + + + + + + + + + + + + + + + + + + + + + + + +
Preputial gland + + + + + + + + + + + + + + + M + + + + + + + + +
Adenoma X
Squamous cell papilloma

Prostate M + + + + + + + + + + + + + + + + + + + + + + + +
Seminal vesicle M + + + + + + + + + + + + + + + + + + + + + + + +
Testes + + + + + + + + + + + + + + + + + + + + + + + + +

Bilateral, interstitial cell, adenoma X X X X X X X X X X X
Interstitial cell, adenoma X X X X X X X X

Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +
Histiocytic sarcoma X

Lymph node + + + + + + + + + + + +
Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + +
Spleen + + + + A + + + + + + + + + + + + + + + + + + + +
Sarcoma X

Thymus + + + M + + + + + + + + + + + + + + + + + + + + +

Integumentary System

Mammary gland + + + + M + + + + M + + + + M + + + + + + + + + +
Adenocarcinoma

Fibroadenoma X
Histiocytic sarcoma X

Skin + + + + + + + + + + + + + + + + + + + + + + + + +
Keratoacanthoma X X
Squamous cell papilloma X
Sebaceous gland, adenoma

Subcutaneous tissue, fibroma X
Subcutaneous tissue, fibrosarcoma X
Subcutaneous tissue, histiocytic

sarcoma X

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + +
Skeletal muscle +

Histiocytic sarcoma X

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + +

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma
Histiocytic sarcoma X

Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +



lesions in Mule Rats 101

I'ahi.k A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Niiml>er of Days on Study 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

4 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 Total

Carcass ID Number 6 7 7 8 8 8 9 9 0 1 1 1 1 2 2 3 3 3 3 4 5 5 5 6 6 Tissues/

2 2 4 2 3 5 3 5 2 1 2 4 5 1 3 1 3 4 5 1 1 2 5 4 5 Tumors

(ienitui System
Epididymis + + + + + + + + + + + + + + + + + + + + + + + + + 50

Preputial gland + + + + + + + + + + + + + + + + + + + + + + + + + 49

Adenoma X 2

Squamous cell papilloma X 1

Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 49

Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + + 49

Testes + + + + + + + + + + + + + + + + + + + + + + + + + 50

Bilateral, interstitial cell, adenoma X X X X X X X X X X X X X X X X X X X X X X 33

Interstitial cell, adenoma X X X 11

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50

Histiocytic sarcoma X 2

Lymph node + + + + + + 18

Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + + 50

Lymph node, mesenteric •h + + + + + + + + + + + + + + + + + + + + + + + + 50

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 49

Sarcoma 1

Tliymus + + + + + + + + + + + + + + + + + + + M + + + + + 48

Integumentary System
Mammary gland + + + + + + + + M + + + + + + + + + + + + + + + + 46

Adenocarcinoma X 1

Fibroadenoma 1

Histiocytic sarcoma 1

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 50

Keratoacanthoma X 3

Squamous cell papilloma 1

Sebaceous gland, adenoma X 1

Subcutaneous tissue, fibroma X 2

Subcutaneous tissue, fibrosarcoma 1

Subcutaneous tissue, histiocytic

sarcoma 1

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50

Skeletal muscle 1

Histiocytic sarcoma 1

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + 50

Alveolar/bronchiolar adenoma X X 2

Histiocytic sarcoma 1

Nose + + + + + + + + + + + + + + + + + + + + + + + + 50
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50
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Table A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(continued)

Number of Days on Study

3445555555666666666667777
05600336880114468889900025006612603104668004292262

Carcass ID Number
3433444344444344344434443
8697642740234805700591249
1123334545522413134413254

Special Senses System

Eye

Zymbal’s gland

Carcinoma

+
+ + + + + + + + + + + + + + + + + + + M+ + + + +

X

Urinary System
Kidney

Urethra

Urinary bladder

+ + + + + + + + + + + + + + + + + + + + + + + + +
+

+ + + + + + + + + + + + + + + + + + + + + + + + 4-

Systemic Lesions

Multiple organs

Histiocytic sarcoma

Leukemia mononuclear

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

X X XXX X XXXXX X XXX
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I AHI.K A2

Individiiul Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(conlinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

4 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 Total

Carcass ID Number 6 7 7 8 8 8 9 9 0 1 1 1 1 2 2 3 3 3 3 4 5 5 5 6 6 Tissues/

2 2 4 2 3 5 3 5 2 1 2 4 5 1 3 1 3 4 5 1 1 2 5 4 5 Tumors

Special Senses System

Eye + 2

Zymbal’s gland + + + + + + + + + + + + + M + + + + + + + + + 4- + 48

Carcinoma 1

Urinary System

Kidney + + + + + + + + + + + + + + + + + + + + + + + 50

Urethra 1

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50

Histiocytic sarcoma X 2

Leukemia mononuclear X X X X X X X X X X X 26
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Table A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Adrenal Medulla: Benign Pheochromocytoma
Overall rates® 15/50 (30%) 9/50 (18%) 12/50 (24%) 12/50 (24%)
Adjusted rates*’ 43.7% 27.4% 37.3% 40.6%

Terminal rates^ 11/30 (37%) 4/25 (16%) 9/29 (31%) 8/24 (33%)
First incidence (days) 630 614 694 614

Life table tests'* P=0.445 P=0.207N P=0.333N P=0.522N
Logistic regression tests'* P=0.521 P=0.092N P=0.217N P=0.372N

Cochran-Armitage test'*

Fisher exact test'*

P=0.508N

P=0.121N P=0.326N P=0.326N

Liver: Hepatocellular Adenoma
Overall rates 5/50 (10%) 6/50 (12%) 2/50 (4%) 6/50 (12%)
Adjusted rates 16.7% 19.2% 6.9% 21.3%

Terminal rates 5/30 (17%) 3/25 (12%) 2/29 (7%) 4/24 (17%)
First incidence (days) 729 (T) 617 729 (T) 601

Life table tests P=0.349 P=0.419 P=0.226N P=0.372

Logistic regression tests P=0.400 P=0.528 P=0.226N P=0.462

Cochran-Armitage test

Fisher exact test

P= 0.451

P=0.500 P=0.218N P=0.500

Mammary Gland: Fibroadenoma
Overall rates 2/50 (4%) 3/50 (6%) 1/50 (2%) 1/50 (2%)
Adjusted rates 6.4% 12.0% 2.6% 3.4%

Terminal rates 1/30 (3%) 3/25 (12%) 0/29 (0%) 0/24 (0%)
First incidence (days) 693 729 (T) 680 702

Life table tests P=0.349N P=0.431 P=0.481N P=0.541N

Logistic regression tests P=0.335N P=0.497 P=0.482N P=0.516N

Cochran-Armitage test

Fisher exact test

P=0.311N

P=0.500 P=0.500N P=0.500N

Mammary Gland: Fibroadenoma or Carcinoma
Overall rates 2/50 (4%) 3/50 (6%) 1/50 (2%) 2/50 (4%)
Adjusted rates 6.4% 12.0% 2.6% 7.5%

Terminal rates 1/30 (3%) 3/25 (12%) 0/29 (0%) 1/24 (4%)
First incidence (days) 693 729 (T) 680 702

Life table tests P=0.606N P= 0.431 P= 0.481N P= 0.640

Logistic regression tests P=0.593N P= 0.497 P=0.482N P=0.677

Cochran-Armitage test

Fisher exact test

P=0.555N

P =0.500 P=0.500N P=0.691N

Pancreatic Islets: Adenoma
Overall rates 4/50 (8%) 5/50 (10%) 3/50 (6%) 7/50 (14%)
Adjusted rates 12.3% 16.4% 10.3% 25.3%

Terminal rates 3/30 (10%) 2/25 (8%) 3/29 (10%) 5/24 (21%)
First incidence (days) 618 637 729 (T) 531

Life table tests P=0.125 P =0.452 P=0.503N P=0.172

Logistic regression tests P=0.159 P =0.526 P=0.453N P =0.242

Cochran-Armitage test

Fisher exact test

P=0.194

P=0.500 P=0.500N P =0.262
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I AHI.E A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Pancreatic Islets: Adenoma or Carcinoma

Overall rales 4/50 (8%) 5/50 (10%) 4/50 (8%) 7/50 (14%)
Adjusted rales 12.3% 16.4% 13.2% 25.3%

Terminal rates 3/30 (10%) 2/25 (8%) 3/29 (10%) 5/24 (21%)
First incidence (days) 618 637 714 531

Life table tests P=0.135 P=0.452 P =0.640 P=0.172
Ixigistic regression tests P=0.170 P=0.526 P=0.596N P=0.242

Cochran-Armitage test

Fisher exact test

P=0.208

P=0.500 P=0.643N P= 0.262

Pharynx: Squamous Cell Papilloma

Overall rates 0/50 (0%) 0/50 (0%) 0/50 (0%) 5/50 (10%)
Adjusted rales 0.0% 0.0% 0.0% 19.3%
Terminal rates 0/30 (0%) 0/25 (0%) 0/29 (0%) 4/24 (17%)
First incidence (days)

e - - 684

Life table tests P< 0.001 - - P= 0.020

Logistic regression tests P<0.001 - - P= 0.026

Cochran-Armitage test

Fisher exact test

P<0.001
- - P =0.028

Pharynx: Squamous Cell Papilloma or Squamous Cell Carcinoma
Overall rates 0/50 (0%) 0/50 (0%) 0/50 (0%) 6/50 (12%)
Adjusted rates 0.0% 0.0% 0.0% 23.3%
Terminal rates 0/30 (0%) 0/25 (0%) 0/29 (0%) 5/24 (21%)
First incidence (days) - - - 684
Life table tests P< 0.001 - - P=0.009
Logistic regression tests P<0.001 - - P=0.013
Cochran-Armitage test

Fisher exact test

P<0.001
- - P=0.013

Pituitary Gland (Pars Distalis): Adenoma
Overall rates 15/50 (30%) 14/50 (28%) 16/48 (33%) 12/50 (24%)
Adjusted rates 42.1% 38.6% 45.6% 40.9%
Terminal rates 10/30 (33%) 5/25 (20%) 10/28 (36%) 8/24 (33%)
First incidence (days) 572 369 537 601
Life table tests P=0.451N P= 0.562 P =0.487 P=0.516N
Logistic regression tests P=0.334N P=0.474N P =0.533 P=0.363N
Cochran-Armitage test

Fisher exact test

P=0.284N

P=0.500N P=0.445 P=0.326N

Pituitary Gland (Pars Distalis): Adenoma or

Overall rates

Carcinoma

17/50 (34%) 14/50 (28%) 16/48 (33%) 12/50 (24%)
Adjusted rates 44.5% 38.6% 45.6% 40.9%
Terminal rates 10/30 (33%) 5/25 (20%) 10/28 (36%) 8/24 (33%)
First incidence (days) 506 369 537 601
Life table tests P=0.354N P=0.438N P=0.512N P=0.357N
Logistic regression tests P=0.226N P=0.340N P=0.515N P=0.205N
Cochran-Armitage test

Fisher exact test

P=0.200N

P=0.333N P=0.557N P = 0.189N
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Table A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2*Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Preputial Gland: Adenoma
Overall rates 2/50 (4%) 3/50 (6%) 2/50 (4%) 2/49 (4%)
Adjusted rates 6.7% 6.7% 6.1% 6.2%

Terminal rates 2/30 (7%) 0/25 (0%) 1/29 (3%) 1/24 (4%)
First incidence (days) 729 (T) 618 686 506

Life table tests P=0.586N P=0.514 P=0.690N P=0.631

Logistic regression tests P=0.528N P =0.485 P=0.663N P =0.687

Cochran-Armitage test

Fisher exact test

P=0.545N

P =0.500 P=0.691N P=0.684

Skin: Keratoacanthoma
Overall rates 1/50 (2%) 3/50 (6%) 2/50 (4%) 3/50 (6%)
Adjusted rates 3.3% 11.0% 5.6% 9.3%

Terminal rates 1/30 (3%) 2/25 (8%) 1/29 (3%) 1/24 (4%)
First incidence (days) 729 (T) 713 632 601

Life table tests P =0.306 P =0.259 P=0.518 P =0.269

Logistic regression tests P =0.343 P=0.290 P=0.514 P= 0.299

Cochran-Armitage test

Fisher exact test

P= 0.363

P =0.309 P=0.500 P= 0.309

Skin: Basal Cell Adenoma or Basal Cell Carcinoma
Overall rates 2/50 (4%) 3/50 (6%) 0/50 (0%) 0/50 (0%)
Adjusted rates 6.7% 8.5% 0.0% 0.0%

Terminal rales 2/30 (7%) 1/25 (4%) 0/29 (0%) 0/24 (0%)
First incidence (days) 729 (T) 621 - -

Life table tests P=0.116N P=0.473 P=0.245N P=0.288N

Logistic regression tests P=0.103N P=0.511 P=0.245N P=0.288N
Cochran-Armitage test

Fisher exact test

P=0.101N

P =0.500 P=0.247N P=0.247N

Skin: Keratoacanthoma, Squamous Cell Papilloma, Basal Cell Adenoma, or Basal Cell Carcinoma
Overall rates 4/50 (8%) 6/50 (12%) 2/50 (4%) 4/50 (8%)
Adjusted rates 13.3% 18.9% 5.6% 12.3%

Terminal rates 4/30 (13%) 3/25 (12%) 1/29 (3%) 1/24 (4%)
First incidence (days) 729 (T) 621 632 601

Life table tests P=0.567N P=0.309 P=0.333N P=0.562

Logistic regression tests P=0.514N P= 0.395 P=0.297N P=0.624

Cochran-Armitage test

Fisher exact test

P=0.487N

P= 0.370 P=0.339N P=0.643N

Skin (Subcutaneous Tissue): Fibroma
Overall rates 4/50 (8%) 4/50 (8%) 5/50 (10%) 2/50 (4%)
Adjusted rales 12.3% 15.3% 15.2% 7.3%

Terminal rates 3/30 (10%) 3/25 (12%) 3/29 (10%) 1/24 (4%)
First incidence (days) 618 721 686 692

Life table tests P=0.309N P=0.571 P=0.515 P=0.415N

Logistic regression tests P=0.278N P=0.627N P=0.547 P=0.354N

Cochran-Armitage test

Fisher exact test

P=0.246N

P=0.643N P=0.500 P=0.339N
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TaBLK A3
Stulistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Skin (Subcutaneous Tissue): Fibroma, Neurofibrosarcoma, Fibrosarcoma, or Sarcoma

Overall rales 5/50 (10%) 4/50 (8%) 5/50 (10%) 3/50 (6%)
Adjusted rates 14.3% 15.3% 15.2% 10.0%

Terminal rates 3/30 (10%) 3/25 (12%) 3/29 (10%) 1/24 (4%)
First incidence (days) 572 721 686 680

Life table tests P=0.397N P=0.563N P=0.609N P=0.428N
Lx)gisiic regression tests P=0.356N P=0.478N P=0.611N P=0.364N
Cochran-Armitage test

Fisher exact test

P=0.325N

P=0.500N P=0.630N P=0.357N

Testes: Adenoma
Overall rates 45/50 (90%) 46/50 (92%) 48/50 (96%) 44/50 (88%)
Adjusted rates 100.0% 97.8% 98.0% 100.0%

Terminal rates 30/30 (100%) 24/25 (96%) 28/29 (97%) 24/24 (100%)
First incidence (days) 539 601 533 460

Life table tests P=0.271 P=0.267 P=0.426 P=0.209

Logistic regression tests P=0.538 P=0.450N P=0.451 P=0.641

Cochran-Armitage test

Fisher exact test

P=0.325N

P=0.500 II © N) 00 P=0.500N

Thyroid Gland (C-cell): Adenoma
Overall rates 7/50 (14%) 1/50 (2%) 4/50 (8%) 4/50 (8%)
Adjusted rates 19.1% 4.0% 11.6% 15.4%
Terminal rates 3/30 (10%) 1/25 (4%) 2/29 (7%) 3/24 (13%)
First incidence (days) 548 729 (T) 581 699

Life table tests P=0.593 P=0.047N P=0.256N P=0.360N
Logistic regression tests P=0.530N P=0.033N P=0.273N P=0.273N
Cochran-Armitage test

Fisher exact test

P=0.513N

P=0.030N P=0.262N P=0.262N

Thyroid Gland (C-cell): Adenoma or Carcinoma
Overall rates 8/50 (16%) 1/50 (2%) 5/50 (10%) 5/50 (10%)
Adjusted rates 22.1% 4.0% 14.2% 19.4%
Terminal rates 4/30 (13%) 1/25 (4%) 2/29 (7%) 4/24 (17%)
First incidence (days) 548 729 (T) 581 699
Life table tests o©II P=0.029N P=0.271N P=0.393N
Logistic regression tests P =0.573 P=0.017N P=0.278N P=0.293N
Cochran-Armitage test

Fisher exact test

P=0.573N

P=0.015N P=0.277N P=0.277N

All Organs: Mononuclear Cell Leukemia
Overall rates 18/50 (36%) 25/50 (50%) 23/50 (46%) 26/50 (52%)
Adjusted rates 47.3% 59.3% 57.2% 64.7%
Terminal rates 11/30 (37%) 9/25 (36%) 13/29 (45%) 11/24 (46%)
First incidence (days) 548 614 537 450
Life table tests P=0.086 II© P=0.266 P= 0.048
Logistic regression tests P=0.140 P=0.124 P= 0.235 P =0.074
Cochran-Armitage test

Fisher exact test

P=0.150

P=0.113 P= 0.208 P = 0.079
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Table A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

All Organs: Benign Neoplasms
Overall rates 47/50 (94%) 50/50 (100%) 49/50 (98%) 46/50 (92%)
Adjusted rates 100.0% 100.0% 100.0% 100.0%

Terminal rates 30/30 (100%) 25/25 (100%) 29/29 (100%) 24/24 (100%)
First incidence (days) 539 369 533 460

Life table tests P=0.308 IIp 00N) P=0.498 P=0.217

Logistic regression tests P=0.328N P=0.160 P=0.309 P =0.723

Cochran-Armitage test

Fisher exact test

p=0.144N

P=0.121 P=0.309 P=0.500N

All Organs: Malignant Neoplasms
Overall rates 27/50 (54%) 27/50 (54%) 28/50 (56%) 31/50 (62%)
Adjusted rates 60.2% 61.0% 63.8% 72.6%

Terminal rates 13/30 (43%) 9/25 (36%) 14/29 (48%) 13/24 (54%)
First incidence (days) 438 601 533 450

Life table tests P=0.127 P=0.499 P=0.555 P=0.169

Logistic regression tests P =0.239 P=0.519 P=0.431 P=0.281

Cochran-Armitage test

Fisher exact test

P=0.211

P=0.579N P=0.500 P =0.272

All Organs: Benign or Malignant Neoplasms
Overall rates 49/50 (98%) 50/50 (100%) 49/50 (98%) 49/50 (98%)
Adjusted rates 100.0% 100.0% 100.0% 100.0%

Terminal rates 30/30 (100%) 25/25 (100%) 29/29 (100%) 24/24 (100%)
First incidence (days) 438 369 533 450

Life table tests P =0.200
_f

P=0.280 P=0.501N IIp oo

Logistic regression tests - - -

Cochran-Armitage test

Fisher exact test

P=0.559N

P=0.500 P=0.753N P=0.753N

(T)Terminal sacrifice

® Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal gland, I

bone marrow, brain, epididymis, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland, prostate gland, I

salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.
*’ Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
^

Observed incidence at terminal kill

^
Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values corresponding to

,

pairwise comparisons between the controls and that exposed group. Tlie life table analysis regards neoplasms in animals dying prior to terminal kill

as being (directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and Fisher ^

exact tests compare directly the overall incidence rales. For all tests, a negative trend or a lower incidence in an exposure group is indicated by N.

* Not applicable; no neoplasms in animal group
^

Value of statistic cannot be computed
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I aBI.K A4a

Historical Incidence of Oral Epithelium Neoplasms in Untreated Male F344/N Rats*

Study

Incidence in Controls

Squamous Cell Squamous Cell Squamous Cell

Papilloma Carcinoma Papilloma or

Carcinoma

Historical Incidence at Microbiological Associates, Inc.

0/50 0/50 0/50

0/50 0/50 0/50

C.I. Direct Blue 218

^/-Amphetamine Sulfate

Overall Historical Incidence

Total 10/1,253 (0.8%) 0/1,253 (0.0%) 10/1,253 (0.8%)

Standard deviation 1.4% 1.4%

Range 0%-4% 0%-4%

* Data as of 20 August 1992

Table A4b
Historical Incidence of Forestomach Neoplasms in Untreated Male F344/N Rats*

Study

Incidence in Controls

Squamous Cell Squamous Cell Squamous Cell

Papilloma Carcinoma Papilloma or

Carcinoma

Historical Incidence at Microbiological Associates, Inc.

0/50 0/50 0/50

0/50 0/50 0/50

C.I. Direct Blue 218

^/-Amphetamine Sulfate

Overall Historical Incidence

Total

Standard deviation

Range

3/1,253 (0.2%)

0 .6%
0%-2%

1/1,253 (0.1%)

0.4%

0%-2%

4/1,253 (0.3%)

0 .8%
0%-2%

Data as of 20 August 1992
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Table A5
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218^

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Disposition Summary
Animals initially in study 60 60 60 60

15-Month interim evaluation 10 10 10 9

Early deaths

Moribund 13 22 16 18

Natural deaths 7 3 5 9

Survivors

Terminal sacrifice 30 25 29 24

Animals examined microscopically 60 60 60 59

15-Month Interim Evaluation

Alimentary System

Liver (10) (10) (10) (9)

Angiectasis 1 (10%)
Basophilic focus 4 (40%) 4 (40%) 6 (60%) 4 (44%)
Clear cell focus 4 (40%) 5 (56%)
Congestion

Degeneration, cystic

2 (20%) 1 (10%)

2 (20%) 1 (11%)
Developmental malformation 1 (10%) 1 (10%) 1 (11%)
Inflammation, chronic

Mineralization, capsule 1 (10%)

1 (11%)

Mixed cell focus

Necrosis

1 (10%)

1 (10%)

2 (22%)

Pancreas (10) (10) (10) (9)

Atrophy, acinar cell 9 (90%) 1 (10%) 4 (44%)
Stomach, forestomach (10) (10) (10) (9)

Hyperplasia, basal cell, focal 1 (11%)

Cardiovascular System

None

Endocrine System

Adrenal gland, cortex (10) (10) (10) (9)

Vacuolization, cytoplasmic

Hyperplasia 1 (10%)

1 (10%)

Hyp>ertrophy 1 (10%>)

Adrenal gland, medulla (10) (10) (10) (9)

Hyperplasia 1 (10%) 1 (10%) 2 (22%)
Islets, pancreatic (10) (10) (10) (9)

Hyperplasia, focal 1 (10%)
Pituitary (9) (10) (10) (9)

Pars distalis, hyperplasia 3 (33%) 4 (40%) 2 (20%) 2 (22%)
Pars distalis, angiectasis 1 (11%) 1 (10%)

Thyroid gland (10) (10) (10) (9)

Follicle, dilatation 1 (11%)
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Taiu.k A5

Siimmury of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218

(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

15-Month Interim Evaluation (continued)

General Body System

None

Genital System

Preputial gland (10) (10) (10) (9)

Duct, dilatation 1 (10%)

Hyperplasia 1 (10%)

Prostate (10) (10) (10) (9)

Inflammation 1 (10%) 1 (10%) 1 (11%)

Testes (10) (10) (10) (9)

Interstitial cell, hyperplasia 5 (50%) 7 (70%) 6 (60%) 4 (44%)

Hematopoietic System

Lymph node (10) (10) (10) (9)

Mediastinal, congestion 1 (10%) 1 (10%)

Pancreatic, hyperplasia 1 (10%)

Lymph node, mandibular (10) (10) (10) (9)

Congestion 5 (50%) 4 (40%) 6 (60%) 4 (44%)

Hyperplasia, plasma cell 1 (10%) 1 (11%)

Lymph node, mesenteric (10) (10) (10) (9)

Congestion 1 (10%)

Thymus (9) (10) (9) (9)

Hemorrhage 1 (11%) 2 (22%)

Integumentary System

None

Musculoskeletal System

None

Nervous System

None

Respiratory System

Lung (10)

Congestion 4 (40%)
Hemmorrhage 1 (10%)
Interstitium, inflammation, 1 (10%)
Infiltration cellular, histocyte 1 (10%)
Alveolar epithelium, hyperplasia

Artety, mineralization

(10) (10) (9)

1 (10%) 2 (22%)

1 (10%) 2 (22%)

1(10%) 1(11%)

1 (10%)
1

( 11 %)
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Table A5
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of C.l. Direct Blue 218

(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

15-Month Interim Evaluation (continued)

Respiratory System (continued)

Nose

Foreign body, lumen

Fungus

Inflammation, acute

Inflammation, chronic active

(10)

2 (20%)

9 (90%)

(10)

4 (40%)

5 (50%)

2 (20%)

(10)

3 (30%)

1 (10%)

3(30%)

(9)

3 (33%)

Special Senses System

None

Urinary System

Kidney

Nephropathy
(10)

9 (90%)

(10)

9 (90%)

(10)

9 (90%)
(9)

9 (100%)

2-Year Study

Alimentary System

Intestine large, cecum (46) (49) (49) (49)

Hyp>erplasia, focal, lymphoid 1 (2%)
Liver (50) (50) (50) (50)

Angiectasis, focal 2 (4%) 7 (14%) 2 (4%)
Basophilic focus 30 (60%) 26 (52%) 34 (68%) 18 (36%)
Clear cell focus 13 (26%) 13 (26%) 19 (38%) 17 (34%)
Congestion 3 (6%) 4 (8%) 4 (8%) 1 (2%)
Degeneration, cystic, focal 15 (30%) 13 (26%) 18 (36%) 25 (50%)
Developmental malformation 2 (4%) 1 (2%)
Eosinophilic focus 9 (18%) 11 (22%) 15 (30%) 20 (40%)
Fatty change, diffuse 1 (2%) 5 (10%) 1 (2%)
Fatty change, focal 11 (22%) 11 (22%) 12 (24%) 16 (32%)
Hematopoietic cell proliferation 1 (2%)
Hepatodiaphragmatic nodule 1 (2%)
Hyperplasia, focal 1 (2%)
Infiltration cellular, focal, lymphocyte 1 (2%)
Inflammation, chronic, focal 6 (12%) 2 (4%) 5 (10%) 2(4%)
Mixed cell focus 4 (8%) 1 (2%) 7 (14%)
Necrosis, focal 2 (4%) 3 (6%) 1 (2%) 3 (6%)
Pigmentation, focal 1 (2%) 1 (2%)
Bile duct, cyst 1 (2%) 2 (4%) 1 (2%)
Bile duct, fibrosis 1 (2%)
Bile duct, hyp>erplasia, focal 6 (12%) 3 (6%) 9 (18%) 2 (4%)
Centrilobular, atrophy, focal 1 (2%)
Centrilobular, necrosis 1 (2%)
Vein, dilatation 1 (2%)

Mesentery (5) (5) (7) (4)

Fat, necrosis, focal 4 (80%) 5 (100%) 5 (71%) 3 (75%)
Pancreas (50) (50) (50) (50)

Accessory spleen 1 (2%)
Inflammation, acute, focal 1 (2%)
Acinus, atrophy, diffuse 1 (2%) 1 (2%) 1 (2%) 1 (2%)
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Tabi.k A5
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218

(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Alimentary System (continued)

Pancreas (continued)

Acinus, atrophy, focal 28 (56%) 26 (52%) 29 (58%) 26 (52%)

Acinus, cytoplasmic alteration, focal 1 (2%)

Acinus, hyperplasia, focal 1 (2%)

Acinus, vacuolization cytoplasmic, focal 1 (2%)

Artery, inflammation, focal 1 (2%) 1 (2%)

Pharynx (1) (9)

Palate, hyperplasia, focal, squamous 2 (22%)

Palate, inflammation, chronic active 1 (100%)

Salivary glands (50) (50) (50) (50)

Atrophy, focal 1 (2%)

Hyperplasia, focal 1 (2%)

Stomach, forestomach (50) (50) (50) (50)

Acanthosis, focal 1 (2%) 1 (2%)

Hyperplasia, basal cell, focal 2(4%) 10 (20%) 19 (38%)

Hyperplasia, focal, plasma cell 1 (2%)
Hyperplasia, focal, squamous 1 (2%) 1 (2%) 6 (12%) 4 (8%)

Inflammation, chronic, focal 1 (2%) 1 (2%)
Inflammation, chronic active, focal 2 (4%) 2 (4%)

Ulcer, focal 4 (8%) 3 (6%) 3 (6%)
Stomach, glandular (50) (50) (50) (50)

Cyst 1 (2%)
Erosion, focal 2 (4%) 1 (2%)
Hyperplasia, basal cell, focal 1 (2%)
Inflammation, acute, focal 1 (2%)
Ulcer, focal 3 (6%)

Tooth (1) (1)

Gingiva, inflammation, chronic active 1 (100%)

Peridontal tissue, inflammation, focal 1 (100%)

Cardiovascular System

Heart

Cardiomyopathy

Mineralization, focal

Atrium, dilatation

Atrium, thrombosis

Valve, degeneration

(50)

37 (74%)

1 (2%)

2 (4%)

6 (12%)

1 (2%)

(50)

31 (62%)

3 (6%)

2 (4%)

(50)

38 (76%)

1 (2%)

3 (6%)

1 (2%)

(50)

32 (64%)

1 (2%)

1 (2%)

Endocrine System

Adrenal cortex (49) (50) (50) (50)

Angiectasis, focal 1 (2%)
Congestion 1 (2%) 1 (2%)
Cyst 1 (2%)
Cyst, multiple

1 (2%)
Degeneration, cystic, focal 2 (4%)
Hemorrhage 1 (2%) 1 (2%)
Hyperplasia, focal 6 (12%) 6 (12%) 6 (12%) 2 (4%)
Vacuolization cytoplasmic, focal 8 (16%) 12 (24%) 3 (6%) 12 (24% 1
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Table A5
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218
(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Endocrine System (continued)

Adrenal medulla (49) (50) (50) (50)

Cyst 1 (2%)
Hyperplasia 16 (33%) 12 (24%) 14 (28%) 8 (16%)

Infiltration cellular, focal, lymphocyte 1 (2%)
Bilateral, hyperplasia 4 (8%) 3(6%) 3 (6%) 1 (2%)

Islets, pancreatic (50) (50) (50) (50)

Hyperplasia, focal 5 (10%) 4 (8%) 7 (14%) 10 (20%)
Parathyroid gland (43) (47) (46) (45)

Hyperplasia 1 (2%) 2(4%)
Bilateral, hyperplasia 1 (2%) 2 (4%)

Pituitary gland (50) (50) (48) (50)

Angiectasis, focal 1 (2%) 1 (2%)
Pigmentation, focal 1 (2%)
Pars distalis, cyst 3 (6%) 2 (4%) 3 (6%)
Pars distalis, hyperplasia, focal 12 (24%) 16 (32%) 11 (23%) 18 (36%)
Pars distalis, hypertrophy, focal

Pars nervosa, hyperplasia, focal

1 (2%)

1 (2%)
Thyroid gland (50) (50) (50) (50)

C-cell, hyperplasia, focal 7 (14%) 6 (12%) 10 (20%) 4 (8%)
Follicle, dilatation, focal 4 (8%)
Follicular cell, hyperplasia, focal 1 (2%) 1 (2%)

General Body System

None

Genital System

Epididymis (50) (50) (50) (50)

Degeneration, focal 31 (62%) 38 (76%) 37 (74%) 33 (66%)
Preputial gland (50) (50) (50) (49)

Hyperplasia 3 (6%) 1 (2%) 2 (4%) 1 (2%)
Inflammation, chronic 1 (2%)
Inflammation, suppurative 5 (10%) 3 (6%) 2 (4%) 1 (2%)
Duct, dilatation 10 (20%) 17 (34%) 9 (18%) 11 (22%)

Prostate (50) (50) (50) (49)

Abscess 1 (2%) 2 (4%)
Atrophy 10 (20%) 7 (14%) 11 (22%) 13 (27%)

Degeneration, focal 1 (2%) 1 (2%)
Hyperplasia, focal 3 (6%) 3(6%)
Inflammation, chronic, focal 1 (2%) 1 (2%) 2(4%) 4 (8%)
Inflammation, focal, granulomatous 3 (6%) 2 (4%)
Inflammation, focal, suppurative 3 (6%) 2 (4%) 4 (8%) 4 (8%)
Inflammation, suppurative 3 (6%)
Vacuolization cytoplasmic, focal 1 (2%)

Seminal vesicle (50) (50) (50) (49)

Abscess

Dilatation 1 (2%)

1 (2%)

Hyperplasia, focal

Inflammation, chronic, focal

1 (2%)

1 (2%)
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TaBI.K A5

Summury of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218
(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

(ienital System (continued)

Testes (50) (50) (50) (50)

Atrophy 4 (8%) 3 (6%) 4 (8%) 9 (18%)
Cyst 2 (4%)
Cyst, multiple 1 (2%)
Mineralization, focal 1 (2%)
Artery, inflammation, focal 1 (2%)
Bilateral, atrophy 2 (4%)
Interstitial cell, hyperplasia, focal 4 (8%) 2 (4%) 1 (2%) 5 (10%)

Hematopoietic System

Bone marrow (50) (50) (50) (50)

Atrophy 1 (2%)
Hyp>erplasia 1 (2%) 3 (6%) 4 (8%)

Lymph node (15) (16) (23) (18)

Axillary, hyperplasia, plasma cell 1 (6%)
Bronchial, hemorrhage 1 (7%)
Bronchial, infiltration cellular, histiocyte 1 (6%)
Iliac, cyst

1 (6%)
Iliac, infiltration cellular, histiocyte

1 (6%)
Inguinal, cyst

1 (6%)
Lumbar, hemorrhage 1 (4%) 2 (11%)
Lumbar, hyperplasia, plasma cell

1 (6%)
Lumbar, infiltration cellular, histiocyte 2 (9%)
Mediastinal, cyst 1 (4%)
Mediastinal, hemorrhage 5 (33%) 2 (13%) 5 (22%) 2 (11%)
Mediastinal, hyperplasia, plasma cell 2 (13%) 1 (4%)
Mediastinal, infiltration cellular,

histiocyte
1 (4%) 1 (6%)

Pancreatic, hemorrhage 1 (4%) 2 (11%)
Pancreatic, infiltration cellular, histiocyte 1 (4%)
Renal, hemorrhage 1 (7%) 1 (6%) 1 (4%) 1 (6%)
Renal, infiltration cellular, histiocyte

1 (6%)
Lymph node, mandibular (48) (50) (49) (50)

Cyst 3 (6%) 2 (4%) 6 (12%) 3 (6%)
Hemorrhage 3 (6%) 2 (4%) 3 (6%) 2 (4%)
Hyperplasia, plasma cell 9 (19%) 10 (20%) 4 (8%) 3 (6%)

Lymph node, mesenteric (49) (50) (50) (50)
Cyst

1 (2%)
Edema

1 (2%)
Hemorrhage 2 (4%) 2 (4%) 1 (2%) 3 (6%)
Hyperplasia, lymphoid 1 (2%)
Infiltration cellular, histiocyte 1 (2%)

Spleen (50) (50) (50) (49)
Congestion 1 (2%) 1 (2%)
Depletion cellular

1 (2%)
Fibrosis, focal 2 (4%) 1 (2%) 4 (8%) 4 (8%)
Hematopoietic cell proliferation 2 (4%) 1 (2%) 2(4%)
Pigmentation, hemosiderin 1 (2%)
Capsule, cyst

1 (2%)
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Table A5
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2>Year Feed Study of C.I. Direct Blue 218
(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Hematopoietic System (continued)

Thymus (48) (40) (49) (48)

Congestion 1 (2%)
Hemorrhage 1 (2%) 1 (3%) 1 (2%)

Integumentary System

Mammary gland (48) (49) (50) (46)

Galactocele 6 (13%) 7 (14%) 1 (2%) 1 (2%)
Hyperplasia, focal 1 (2%) 2 (4%) 3 (6%) 2 (4%)
Inflammation, acute, focal

Inflammation, chronic, focal

1 (2%)

1 (2%)
Pigmentation, focal 1 (2%)

Skin (50) (50) (50) (50)

Acanthosis, focal

Subcutaneous tissue, inflammation, acute

Subcutaneous tissue, inflammation, chronic

1 (2%)

1 (2%)

active, focal 1 (2%)

Musculoskeletal System

Bone (50) (50) (50) (50)

Fibrous osteodystrophy

Hyperostosis 1 (2%)

1 (2%) 1 (2%)

Hyf)erplasia, focal 1 (2%)

Nervous System

Brain (50) (50) (50) (50)

Gliosis, focal

Hemorrhage, focal 1 (2%)

1 (2%)

Hydrocephalus 4 (8%) 4 (8%) 1 (2%) 1 (2%)
Infiltration cellular, focal, lymphocyte

Mineralization, focal

1 (2%)

1 (2%)
Necrosis, focal 1 (2%) 1 (2%)

Respiratory System

Lung (50) (50) (50) (50)

Congestion 6 (12%) 1 (2%) 1 (2%) 3 (6%)
Hemorrhage, focal

Infiltration cellular, focal, lymphocyte 3 (6%) 3 (6%)

1 (2%)

Infiltration cellular, focal, histiocyte 6 (12%) 4 (8%) 6 (12%) 4 (8%)
Inflammation, focal 7 (14%) 2 (4%) 7 (14%) 7 (14%)
Alveolar epithelium, hyp>erplasia, focal 2 (4%) 1 (2%) 3 (6%) 2(4%)
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TaBI.K A5

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218

(coniinucd)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Respiratory System (continued)

Nose (50) (50) (49) (50)

Congestion 1 (2%) 1 (2%)

Foreign body 5 (10%) 2 (4%) 3 (6%) 3 (6%)

Fungus 7 (14%) 6 (12%) 16 (33%) 11 (22%)

1 Icmorrhage 2 (4%) 1 (2%) 1 (2%) 1 (2%)

Inflammation, acute 7 (14%) 2 (4%) 1 (2%)
Inflammation, chronic active 9 (18%) 10 (20%) 20 (41%) 14 (28%)

Inflammation, subacute 5 (10%) 1 (2%) 3 (6%) 3 (6%)
Glands, dilatation, focal 1 (2%)
Olfactory epithelium, necrosis, focal 1 (2%)

Trachea (50) (50) (50) (50)

Inflammation, chronic active, focal 1 (2%)

Special Senses System

Eye

Inflammation, chronic

Phthisis buibi

Cornea, degeneration, focal

Cornea, inflammation

Lens, cataract

Lens, inflammation, focal, subacute

Retina, atrophy

Zymbal’s gland

Hyperplasia

Inflammation, chronic active

(5)

1 (20%)

1 (20%)

3 (60%)

1 (20%)

1 (20%)

(48)

1 (2%)

(4)

1 (25%)

1 (25%)

1 (25%)

2 (50%)

(48)

(3)

1 (33%)

1 (33%)

(48)

(2)

1 (50%)

1 (50%)

(48)

1 (2%)

Urinary System

Kidney (50) (50) (50) (50)

Cyst 2 (4%) 2 (4%)
Hydronephrosis 1 (2%)
Infarct

1 (2%)
Mineralization, focal

1 (2%)
Nephropathy 48 (96%) 50 (100%) 50 (100%) 46 (92%)
Pigmentation, focal 12 (24%) 11 (22%) 15 (30%) 23 (46%)
Pelvis, inflammation, suppurative

1 (2%)
Urinary bladder (50) (50) (50) (50)

Abscess
1 (2%)

Number of animals examined microscopically at site and number of animals with lesion





119

APPENDIX B
SUMMARY OF LESIONS IN FEMALE RATS
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Faulk III

Summury of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218^1

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Disposition Summary
Animals initially in study 60 60 60 60

15-Month interim evaluation

Eiarly deaths

9 9 10 10

Moribund 12 15 13 16

Natural deaths 4 7 6 9

Survivors

Died last week of study 1

Terminal sacrifice 35 28 31 25

Animals examined microscopically 59 59 60 60

15-Monih Interim Evaluation

Alimentary System

Liver (9) (9) (10) (10)

Leukemia mononuclear 1 (10%)

Cardiovascular System

None

Endocrine System

Pituitary gland (9) (8) (10) (10)

Pars distalis, adenoma 1 (11%) 1 (13%) 2 (20%) 2 (20%)

Thyroid gland (9) (8) (10) (10)

C-cell, adenoma bilateral 1 (11%)

General Body System

None

Genital System

Uterus (9) (9) (10) (10)

Polyp stromal 1 (11%) 1 (11%) 1 (10%) 2 (20%)

Hematopoietic System

Spleen (9) (9) (10) (10)

Leukemia mononuclear 1 (10%)

Integumentary System

Mammary gland (9) (9) (9) (10)

Fibroadenoma 1 (11%)

Musculoskeletal System
None
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Table B1

Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218^ (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

15-Month Interim Evaluation (continued)

Nervous System

None

Respiratory System

None

Special Senses System

None

Urinary System

None

Systemic Lesions

None

2-Year Study

Alimentary System

Esophagus (50) (50) (49) (50)

Lipoma 1 (2%)
Intestine large, colon (49) (47) (49) (48)

Intestine large, rectum (48) (47) (49) (48)

Intestine large, cecum (48) (47) (48) (48)

Intestine small, duodenum (48) (48) (50) (45)

Intestine small, jejunum (48) (45) (49) (47)

Carcinoma 1 (2%)
Intestine small, ileum (48) (46) (48) (46)

Liver (50) (50) (50) (50)

Sarcoma, metastatic, skin 1 (2%)
Mesentery (8) (6) (3) (6)

Sarcoma, metastatic, skin 1 (17%)
Schwannoma malignant, metastatic, uterus 1 (17%)
Fat, sarcoma 1 (33%)

Pancreas (50) (48) (50) (48)

Pharynx (1) (1) (2)

Palate, squamous cell papilloma 1 (100%) 1 (100%) 2 (100%)
Salivary glands (50) (50) (50) (50)

Stomach, forestomach (50) (49) (50) (49)

Squamous cell papilloma 1 (2%)
Stomach, glandular (50) (48) (50) (48)

Sarcoma, metastatic, skin 1 (2%)

Cardiovascular System

Heart

Schwannoma NOS
(50) (50)

1 (2%)

(50) (50)
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Table B1

Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Endocrine System

Adrenal cortex (50) (50) (50) (49)

Carcinoma, metastatic, thyroid gland 1 (2%)

Adrenal medulla (49) (50) (47) (49)

Pheochromocytoma benign 1 (2%) 2 (4%)

Bilateral, pheochromocytoma benign 1 (2%) 1 (2%)

Islets, pancreatic (50) (48) (50) (48)

Adenoma 1 (2%) 2 (4%)

Parathyroid gland (45) (43) (39) (44)

Pituitary gland (50) (47) (49) (47)

Pars distalis, adenoma 26 (52%) 29 (62%) 30 (61%) 20 (43%)

Pars distalis, adenoma, multiple 2 (4%) 2 (4%) 2 (4%) 1 (2%)

Pars distalis, carcinoma 2 (4%) 1 (2%) 2 (4%)

Pars intermedia, adenoma 1 (2%)

Thyroid gland (50) (50) (49) (49)

Bilateral, C-cell, adenoma 1 (2%) 1 (2%)

C-cell, adenoma 2 (4%) 4 (8%) 2 (4%) 2 (4%)

C-cell, carcinoma 1 (2%) 3 (6%)

Follicular cell, adenoma 2 (4%)

General Body System

Tissue NOS
Schwannoma malignant, metastatic, uterus

(1)

1 (100%)

Genital System

Clitoral gland (47) (48) (49) (47)

Adenoma 2 (4%) 2 (4%) 2 (4%)
Carcinoma 1 (2%)

Squamous cell carcinoma 1 (2%)
Ovary (50) (50) (50) (50)

Granulosa cell tumor benign 1 (2%)
Sarcoma, metastatic, skin 1 (2%)

Uterus (50) (50) (50) (50)

Adenoma 1 (2%) 1 (2%)
Leiomyosarcoma 1 (2%)
Polyp stromal 1 (2%) 12 (24%) 10 (20%) 10 (20%)

Sarcoma 1 (2%)
Schwannoma malignant 1 (2%)
Cervix, schwannoma malignant, metastatic,

uterus 1 (2%)
Vagina (1) (1) (2) (3)

Fibroma 1 (33%)
Leiomyosarcoma 1 (100%)
Schwannoma malignant, metastatic, uterus 1 (100%)

Hematopoietic System

Bone marrow (49) (49) (50) (49)

Lymph node (7) (12) (6) (14)
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1

Table B1

Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Hematopoietic System (continued)

Lymph node, mandibular (49) (50) (50)
!

(50)

Carcinoma, metastatic, thyroid gland 1 (2%)
Lymph node, mesenteric (50) (50) (50) (50)

Sarcoma, metastatic, skin 1 (2%)
Schwannoma malignant, metastatic, uterus 1 (2%)

Spleen (50) (49) (50) (48)
;

Thymus (48) (49) (42) (45)
i

Thymoma benign 1 (2%) 1

Integumentary System

Mammary gland (50) (50) (50)

I

i

(50) !

Adenoacanthoma 1 (2%)
Adenocarcinoma 3 (6%) 1 (2%) 2 (4%) 1 (2%)
Adenoma 1 (2%)
Fibroadenoma 14 (28%) 11 (22%) 16 (32%) 10 (20%)
Fibroadenoma, multiple 5 (10%) 1 (2%) 3 (6%)
Sarcoma, metastatic, skin 1 (2%)

Skin (50) (50) (50) (50) 1

Keratoacanthoma 1 (2%)
1

Subcutaneous tissue, fibroma

Subcutaneous tissue, fibrosarcoma 1 (2%) 1 (2%)

1 (2%)
1

Subcutaneous tissue, sarcoma 1 (2%)

!

Musculoskeletal System
Skeletal muscle (1) (1)

Back, sarcoma 1 (100%)

Nervous System

Brain (50) (50) (50)

1

(50)
;

Astrocytoma NOS 1 (2%)
Carcinoma, metastatic, pituitary gland

Ependymoma benign

1 (2%)

1 (2%)

1 (2%)

Respiratory System

Lung (50) (50) (50) (50)
j

Alveolar/bronchiolar adenoma 1 (2%) 2 (4%)
'

Carcinoma, metastatic, thyroid gland

Fibrosarcoma, metastatic, ear

Sarcoma, metastatic, skin

1 (2%)

1 (2%)

1 (2%)

2 (4%) ,

1

Nose (50) (50) (50) (50)

Trachea (50) (50) (49) (50)

Carcinoma, metastatic, thyroid gland 2 (4%)

Special Senses System

Ear (1)

Pinna, fibrosarcoma 1 (100%)
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Tabi.k Bl

Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Urinary System

Kidney (50) (50) (50) (50)

Carcinoma 1 (2%)

Lip>oma 1 (2%)
Urinary bladder (48) (48) (50) (49)

Systemic Lesions

Multiple organs**

Leukemia mononuclear

Lymphoma malignant lymphocytic

(50)

11 (22%)

(50)

16 (32%)

1 (2%)

(50)

9 (18%)

(50)

16 (32%)

Neoplasm Summary
Total animals with primary neoplasms*^ 45 46 46 45

Total primary neoplasms 74 92 89 84

Total animals with benign neoplasms 37 39 39 38

Total benign neoplasms 56 68 71 58

Total animals with malignant neoplasms 17 22 17 22

Total malignant neoplasms 18 23 17 26

Total animals with metastatic neoplasms 2 2 1 3

Total metastatic neoplasms 2 12 1 7

Total animals with uncertain neoplasms

benign or malignant 1 1

Total uncertain neoplasms 1 1

Number of animals examined microscopically at site and number of animals with neoplasm
^ Number of animals with any tissue examined microscopically

Primary neoplasms: all neoplasms except metastatic neoplasms
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Table B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm

2 4 4 4 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 7 2 6 9 3 3 4 5 6 6 7 7 7 8 1 3 3 3 3 3 3 3 3 3 3

0 8 0 9 2 2 2 9 6 6 1 1 3 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 4 4 5 5 5 5 4 5 4 5 5 4 5 5 5 5 5 5 5 5 5

Carcass ID Number 2 3 7 6 9 9 0 2 3 8 9 4 9 4 8 9 0 0 0 0 1 1 1 1 1

4 1 2 5 3 5 1 2 3 4 4 4 1 3 3 2 2 3 4 5 1 2 3 4 5

Alimentary System
Esophagus

Intestine large, colon

Intestine large, rectum

Intestine large, cecum

Intestine small, duodenum
Intestine small, jejunum

Intestine small, ileum

Liver

Mesentery

Pancreas

Pharynx

Palate, squamous cell papilloma

Salivary glands

Stomach, forestomach

Stomach, glandular

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + +

Endocrine System
Adrenal cortex -1- + + + + -f- + -1- -1- -1- + + -t- + -1- + -1-

-f- + -1- -t- -t- -1- + -1-

Adrenal medulla -1- + -1- -1- + -1- -1- -1- -1- + + -1- + -1- + -1- + + -1- -1- -t- -t- + -1-

Pheochromocytoma benign X
Islets, pancreatic + + + + -t- -t- -t- + -1- + + + + + •f + f •f + -1- -1- + -1-

Parathyroid gland + -1- + + + -1- -t- -t- + -1- + M + -1- + + -1-
-t- -t- M M -1- + -1-

Pituitary gland + -I- + + -1- + + + -1- + + + + -t- + + + + -t- -1- -1- -1- + -t-

Pars distalis, adenoma X X X X X X X X X X X X
Pars distalis, adenoma, multiple

Pars distalis, carcinoma X X
Thyroid gland + -1- -1- + -1- -f -1- -1- -f + -f + -1- + + + + + -t- + + -1- +

Bilateral, C-cell, adenoma
C-cell, adenoma

C-cell, carcinoma

General Body System
None

Genital System

Clitoral gland -1- -1- + M + + -1- + + + + + + + -1- + + + + + + + +
Adenoma

Ovary + + + + + + + -1-
-t- -t- + + + + + -1- + + + + + + + + +

Uterus -1- + + + + + + -1- + + + + + + + -1- + + + + + + + +
Adenoma X
Polyp stromal

Vagina +
X

Leiomyosarcoma X

-1- -1- + -t- -t- + + + -t- + + + + + -1- -I- + + + -1- -t- -t- -1- +
-1- + -1- -1- + -1- + A + + + -1- -1- + + + -t- -t- -t- + +

A -t- -1- + + -f + + + + A + + -1- -t- -t- + + + -f- -1- + + +
A -1- -t- + -1- + + + + + + A + + -1- -1- -t- + + + -1- + + +
A -1- + -1- + + + + + + A + -1- -1- -1- -1- + + + + -b + +
A -1- + + -1- + + -1- + + + A + -1- -t- -1- -f- + + + + -1- + +
A + + -1- + + -t- + + + A + -1- -1- -1- -1- + + + + + •f + -t-

-1- -f + + -1- + + + + + + + -t- -1- -1- -t- -t- + + + -1- -1- + -1-

+ -f- -1- +
-1- -f- + + + + + + -1- + + + + + -1- -t- + + + + + -1- -1- + -1-

-i-
-1- -1- + + -t- -1- + + -1- + + + + -t- -t- + + + + -1- -1- -1- -1- +

-t-
-1- -1- + + + + + + -1- + + + + -t- + + + + -t- -1- -1- -1- + +

-t- -t- + + + + + + -t- + + + -1- -1- + + + + -1- -1- -1- -t- + +

+ : Tissue examined microscopically

A: Autolysis precludes examination

M: Missing tissue

I: Insufficient tissue

X: Lesion present

Blank; Not examined
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Taiu.k B2

individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 1

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 Total

Carcass ID Number 2 2 2 3 3 3 4 4 4 5 5 5 5 5 6 6 6 6 7 7 7 7 8 8 8 Tissues/

1 3 5 2 4 5 1 2 5 1 2 3 4 5 1 2 3 4 1 3 4 5 1 2 5 Tumors

Alimentary System

Esophagus + -1- + + -1- -1- + -1- + -1- + + + -1- + -t- -t- -f- -f- + + -t- -1- -1- ->r 50

Intestine large, colon + -1- -1- + -1- + -f- -t- + -1- + -1- + -1- + + + + -f- + + -1- -1- -1- -1- 49

Intestine large, rectum -1- -1- -1- -1- -1- + -1- + + + -1- + + -1- + + + -1- + + -1- + -1- -1- 48

Intestine large, cecum -1- + -1- + -1- + + -1- + + + + + + -1- -t- + -f- + -1- -1- + -1- 48

Intestine small, duodenum -t- + + + + + + -1- + + + + + + -1- + + + -1- + -1- -I- + + -t- 48

Intestine small, jejunum + + + + -1- + + -1- + + + + + + -1- + + + -1- -1- -1- + + + -1- 48

Intestine small, ileum + + + -1- + + + -t- + -t- + -1- + + + + + + + -1- + + + + -1- 48

Liver -1- + + -1- + + + + -t- + + -1- + + -1- + + + + + -1- + + + + 50

Mesentery + + + + 8

Pancreas + + + + + + + + + •f + + + + -1- + + + + + + + + + 50

Pharynx + 1

Palate, squamous cell papilloma X 1

Salivary glands + + + + -1- + + -1- -1- + + + + + + + + + + f + + + + 50

Stomach, forestomach + + -1- + -1- + + -1- + + + + + + + + + + + + + + -1- 50

Stomach, glandular -t- + + -1- + + -1- + -1- + + + -1- + + + -f + + + -f- + + + 50

Cardiovascular System
Heart -1- + -t- -1- + + + -t- + + + + -1- + + + + + -t- + + + + 50

Endocrine System

Adrenal cortex + + -1- + -1- + + -f- + + + + + -1- + + + -1- + + -1- + + -1- 50

Adrenal medulla M + + + + + -1- + + + + + -1- + -f- + + -t- -1- + -1- + + + 49

Pheochromocytoma benign 1

Islets, pancreatic -t- + -1- + -t- + + + + + + -t- -t- + f + + -1- -1- + -1- + + -1- 50

Parathyroid gland + M + + + -1- + + + -1- + M + -1- + + + -1- -1- + + -1- + + -t- 45

Pituitary gland + -1- + + + -1- + + + + + + -1- + + + + -1- -1- + + -f + + -t- 50

Pars distalis, adenoma X X X X X X X X X X X X X X 26

Pars distalis, adenoma, multiple X X 2

Pars distalis, carcinoma 2

Thyroid gland + + + + + -1- + -1- + + + -1-
-t- + + -f- -f- + + + + + -1- 50

Bilateral, C-cell, adenoma
C-cell, adenoma

C-cell, carcinoma

General Body System
None

Genital System

Clitoral gland + M -1- + + + + M + + + -t- -t- + + + + + -t- + + + + + 47

Adenoma X X 2

Ovary -1- -1- -1- + + + + -1- + + + + -1- + + + + -t- + + + -t- 50

Uterus + -1- + + + + + -1- + + -t- + + -t- -t- + -t- + -1- + + + 50

Adenoma 1

Polyp stromal 1

Vagina 1

Leiomyosarcoma 1
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Table B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm
(continued)

2 4 4 4 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 7 2 6 9 3 3 4 5 6 6 7 7 7 8 1 3 3 3 3 3 3 3 3 3 3

0 8 0 9 2 2 2 9 6 6 1 1 3 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 4 4 5 5 5 5 4 5 4 5 5 4 5 5 5 5 5 5 5 5 5

Carcass ID Number 2 3 7 6 9 9 0 2 3 8 9 4 9 4 8 9 0 0 0 0 1 1 1 1 1

4 1 2 5 3 5 1 2 3 4 4 4 1 3 3 2 2 3 4 5 1 2 3 4 5

Hematopoietic System

Bone marrow + + + + + + + + + + + M + + + + + + + + + + + + +
Lymph node + + + + + + +
Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + +
Spleen + + + + + + + + + + + + + + + + + + + + + + + + +
Thymus + + + + + + + + + + M + + + + M + + + + + + + +

Integumentary System
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Adenocarcinoma X
Fibroadenoma X X X X X X X
Fibroadenoma, multiple X X X

Skin + + + + + + + + + + + + + + + + + + + + + + + + +

Musculoskeletal System

Bone + 4- + + + + + + + + + + + + + + + + + + + + + + +
Skeletal muscle +

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma, metastatic, pituitary

gland X

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma, metastatic, thyroid gland

Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System

Eye

Zymbal’s gland + + + M + + + + M M + + + + + + + + + + + + + + +

Urinary System

Kidney + + + + + + + + + + + + + + + + + + + + + + + + +
Urinary bladder + + + + + + + M + + + + + + + + + + + + + + + M +

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + +
Leukemia mononuclear X X X X X X X X
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Tabi.k B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm

(conlinucd)

7777777777777777777777777
Number of Days on Study 33333333333333333333333334444444444444444444444444

5555555555555555555555555 Total

Carcass ID Number 2223334445555566667777888 Tissues/

1352451251234512341345125 Tumors

Hematopoietic System

Bone marrow + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 49

Lymph node 7

Lymph node, mandibular + + + + M + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 49

Lymph node, mesenteric + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 50

Spleen + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 50

Thymus + + + + + + + + 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 48

Integumentary System
Mammary gland + + + + + + + + 4- 4- + 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Adenocarcinoma X X 3

Fibroadenoma X X X X X X X 14

Fibroadenoma, multiple X X 5

Skin + + + + + + + + 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Musculoskeletal System

Bone + + + + + + + + 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Skeletal muscle 1

Nervous System

Brain + + + + + + + + 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Carcinoma, metastatic, pituitary

gland 1

Respiratory System
Lung + + + + 4- + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Carcinoma, metastatic, thyroid gland X 1

Nose + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Trachea + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 50

Special Senses System

Eye + 4- 2

Zymbal's gland + + M + + + + 4- 4- 4- 4- 4- 4- 4- M 4- 4- 4- 4- + 4- 4- 4- 4- 4- 45

Urinary System

Kidney + + + + + + + 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 50

Urinary bladder + + + + + + + 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 48

Systemic Lesions

Multiple organs + + + + + + + 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 50

Leukemia mononuclear X X X 11
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Table B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm

4 4 4 4 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7

Number of Days on Study 1 5 7 9 0 2 7 2 2 4 5 5 5 7 8 8 8 9 1 2 2 3 3 3 3

9 2 7 4 4 3 2 1 4 9 2 9 9 0 1 4 4 9 3 1 6 0 3 3 3

6 6 6 6 7 6 7 6 7 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6

Carcass ID Number 4 1 2 8 0 5 0 5 0 5 6 2 9 3 4 9 0 8 8 6 8 3 1 1 1

5 1 5 3 5 4 4 3 3 2 5 1 3 2 4 1 2 1 4 3 2 5 2 3 4

Alimentary System

Esophagus + + + + + + + + + + + + + + + + + + + + + + + + +
Lipoma

Intestine large, colon + A A + + + + + + + A + + + + + + + + + + + + + +
Intestine large, rectum + A A + + + + + + + A + + + + + + + + + + + + + +
Intestine large, cecum + A A + + + + + + + A + + + + + + + + + + + + + +
Intestine small, duodenum + A A + + + + + + + + + + + + + + + + + + + + + +
Intestine small, jejunum + A A A + + + + + + A + + + A + + + + + + + + + +
Intestine small, ileum + A A + + + + + + A + + + A + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + + +
Sarcoma, metastatic, skin X

Mesentery + + +
Sarcoma, metastatic, skin X
Schwannoma malignant, metastatic.

uterus X
Pancreas + A + + + + + + + + A + + + + + + + + + + + + + +
Pharynx

Palate, squamous cell papilloma

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + M + + + + + + + + + +
Stomach, glandular + + + + + + + + + + A + + + M + + + + + + + + + +
Sarcoma, metastatic, skin X

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + +
Schwannoma NOS

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + +
Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + +
Islets, pancreatic + A + + + + + + + + A + + + + + + + + + + + + + +
Adenoma X

Parathyroid gland + + + + + + + + + + M + + + + + + + + + + + M M +
Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Pars distalis, adenoma X X X X X X X X X X X X X X X
Pars distalis, adenoma, multiple X
Pars intermedia, adenoma X

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + +
C-cell, adenoma

General Body System
Tissue NOS +
Schwannoma malignant, metastatic,

uterus X
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Tablk B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(coniinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 Total

Carcass ID Number 1 2 2 2 3 3 3 4 4 4 5 5 6 6 6 7 7 7 7 7 8 9 9 9 0 Tissues/

5 2 3 4 1 3 4 1 2 3 1 5 1 2 4 1 2 3 4 5 5 2 4 5 1 Tumors

Alimentary System

Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Lipoma X 1

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 47

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 47

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 47

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 45

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 46

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma, metastatic, skin 1

Mesentery + + + 6

Sarcoma, metastatic, skin 1

Schwannoma malignant, metastatic.

uterus 1

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 48

Pharynx + 1

Palate, squamous cell papilloma X 1

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 49

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 48

Sarcoma, metastatic, skin 1

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50

Schwannoma NOS X 1

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + 50

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 48

Adenoma 1

Parathyroid gland + + + + + + M + + + + + + + + + + + + M + + + M M 43

Pituitary gland + + + + + + + M + + + + + + + + + + + M + + + M + 47

Pars distalis, adenoma X X X X X X X X X X X X X X 29

Pars distalis, adenoma, multiple X 2

Pars intermedia, adenoma 1

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

C-cell, adenoma X X X X 4

General Body System
Tissue NOS 1

Schwannoma malignant, metastatic.

uterus 1



132 C.I. Direct Blue 218, NTP TR 430

Table B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(continued)

4 4 4 4 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7

Number of Days on Study 1 5 7 9 0 2 7 2 2 4 5 5 5 7 8 8 8 9 1 2 2 3 3 3 3

9 2 7 4 4 3 2 1 4 9 2 9 9 0 1 4 4 9 3 1 6 0 3 3 3

6 6 6 6 7 6 7 6 7 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6

Carcass ID Number 4 1 2 8 0 5 0 5 0 5 6 2 9 3 4 9 0 8 8 6 8 3 1 1 1

5 1 5 3 5 4 4 3 3 2 5 1 3 2 4 1 2 1 4 3 2 5 2 3 4

Genital System

Clitoral gland + + + + + + + + M + + + + + + + + M + + + + + + +
Carcinoma X

Ovary + + + + + + + + + + + + + + + + + + + + + + + + +
Granulosa cell tumor benign X
Sarcoma, metastatic, skin X

Uterus + + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma
Polyp stromal X X X X X
Sarcoma X
Schwannoma malignant X
Cervix, schwannoma malignant.

metastatic, uterus X
Vagina +
Schwannoma malignant, metastatic.

uterus X

Hematopoietic System

Bone marrow + + + + + + + + + + A + + + + + + + + + + + + + +
Lymph node + + + + + + + + + +
Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + +
Sarcoma, metastatic, skin X
Schwannoma malignant, metastatic.

uterus X
Spleen + A + + + + + + + + + + + + + + + + + + + + + + +
Thymus + + + + + + + + + + + + + + + + + + + + + M + + +

Integumentary System
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Adenocarcinoma

Fibroadenoma X X X X X X
Fibroadenoma, multiple X
Sarcoma, metastatic, skin X

Skin + + + + + + + + + + + + + + + + + + + + + + + + +
Keratoacanthoma

Subcutaneous tissue, fibrosarcoma

Subcutaneous tissue, sarcoma X

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + +

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + +
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Iahlk B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 Total

Carcass ID Number 1
O O

it 2 3 3 3 4 4 4 5 5 6 6 6 7 7 7 7 7 8 9 9 9 0 Tissues/

5 2 3 4 1 3 4 1 2 3 1 5 1 2 4 1 2 3 4 5 5 2 4 5 1 Tumors

(ienital System

Clitoral gland + + + + + + + + + + + + + + + + + + + + + + + + + 48

Carcinoma 1

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 50

Granulosa cell tumor benign 1

Sarcoma, metastatic, skin 1

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma X 1

Polyp stromal X X X X X X X 12

Sarcoma 1

Schwannoma malignant 1

Cervix, schwannoma malignant.

metastatic, uterus 1

Vagina 1

Schwannoma malignant, metastatic.

uterus 1

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + 49

Lymph node + + 12

Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + + 50

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma, metastatic, skin 1

Schwannoma malignant, metastatic.

uterus 1

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 49

Thymus + + + + + + + + + + + + + + + + + + + + + + + + + 49

Integumentary System

Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenocarcinoma X 1

Fibroadenoma X X X X X 11

Fibroadenoma, multiple 1

Sarcoma, metastatic, skin 1

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 50

Keratoacanthoma X 1

Subcutaneous tissue, fibrosarcoma X 1

Subcutaneous tissue, sarcoma 1

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + 50

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50
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Table B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(continued)

4 4 4 4 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7

Number of Days on Study 1 5 7 9 0 2 7 2 2 4 5 5 5 7 8 8 8 9 1 2 2 3 3 3 3

9 2 7 4 4 3 2 1 4 9 2 9 9 0 1 4 4 9 3 1 6 0 3 3 3

6 6 6 6 7 6 7 6 7 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6

Carcass ID Number 4 1 2 8 0 5 0 5 0 5 6 2 9 3 4 9 0 8 8 6 8 3 1 1 1

5 1 5 3 5 4 4 3 3 2 5 1 3 2 4 1 2 1 4 3 2 5 2 3 4

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X
Sarcoma, metastatic, skin X

Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Eye +
Harderian gland +
Zymbal’s gland + + + + + + + + + + + + + + + + M + + + + + + + +

Urinary System

Kidney + + + + + + + + + + + + + + + + + + + + + + + + +
Lipoma X

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + M

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + +
Leukemia mononuclear X X X X X X X X X X X X
Lymphoma malignant lymphocytic X

I

I

I

i

'
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Table B2

Individuul Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(con(inued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 Total

Carcass ID Number 1 2 2 2 3 3 3 4 4 4 5 5 6 6 6 7 7 7 7 7 8 9 9 9 0 Tissues/

5 2 3 4 1 3 4 1 2 3 1 5 1 2 4 1 2 3 4 5 5 2 4 5 1 Tumors

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50

Alveolar/bronchiolar adenoma 1

Sarcoma, metastatic, skin 1

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50

Special Senses System

Eye + + + 4

Harderian gland 1

Zymbal's gland + + + + + M + + + + M + + + M M + + + M + M + M M 41

Urinary System

Kidney

Lipoma

Urinaiy bladder

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50

Leukemia mononuclear X X X X 16

Lymphoma malignant lymphocytic 1

+ + + + + + + + + + + + + + + + + + + + + + + + + 50

1

+ + + + + + + + + + + + + + + + + + M+ + + + + + 48
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Table B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm

3 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 ''

\

Number of Days on Study 1 2 0 3 3 4 8 8 1 1 2 3 5 6 6 7 8 0 2 3 3 3 3 3 3 1

7 8 6 2 3 0 3 7 0 7 9 9 2 0 9 4 8 6 6 0 0 0 0 0 0
1

1

8 7 7 7 8 7 7 7 7 7 7 8 7 7 7 7 7 7 7 7 7 7 7 7 7
1

Carcass ID Number 0 4 4 7 2 3 5 8 8 7 9 1 8 3 9 6 4 4 9 3 3 3 4 5 5 1

2 2 3 2 2 5 4 5 3 4 3 5 4 3 5 2 5 4 2 1 2 4 1 1 2
,

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, colon + A + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + A + + + + + + + + + + + + + + + + + + + + + + + ;

Intestine large, cecum + A + + + + + + + + + + + + A + + + + + + + + + +
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + i

Intestine small, jejunum + + + + + + + A + + + + + + + + + + + + + + + + +
Carcinoma X

Intestine small, ileum + A + + + + + + + + + + + + A + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + + +
Mesentery + + +
Fat, sarcoma X

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + +
Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +
Tongue

Cardiovascular System i

Heart + + + + + + + + + + + + + + + + + + + + + + + +
1

Endocrine System
'

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + +
'

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + +
Bilateral, pheochromocytoma benign

'

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma X

Parathyroid gland + + + + + + M + + + + + + + + + + + + M + + + + M
Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Pars distalis, adenoma X X X X X X X X X X X X

1

Pars distalis, adenoma, multiple X
Pars distalis, carcinoma X

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + +
C-cell, adenoma X X
Follicular cell, adenoma

1

General Body System

None

Genital System
1

Clitoral gland + + + + + + + + + + M + + + + + + + + + + + + + +
Adenoma

Ovary + + + + + + + + + + + + + + + + + + + + + + + + +
Uterus + + + + + + + + + + + + + + + + + + + + + + + + +
Leiomyosarcoma X
Polyp stromal X X X

Vagina
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lAIU.K 112

liidividiiul Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 Total

Carcass ID Number 5 5 6 6 6 6 7 7 7 8 8 9 9 0 0 0 0 1 1 1 1 2 2 2 2 Tissues/

3 5 1 3 4 5 1 3 5 1 2 1 4 1 3 4 5 1 2 3 4 1 3 4 5 Tumors

Alimentary System

tisophagus + + + + + + + + I + + + + + + + + + + + + + + + + 49

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Carcinoma 1

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50

Mesentery 3

Fat, sarcoma 1

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50

Tongue + 1

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50

Endocrine System
Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + 50

Adrenal medulla + + + + + + + + + M M M + + + + + + + + + + + + + 47

Bilateral, pheochromocytoma benign X 1

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma X 2

Parathyroid gland + M + + + + + + M M M + M + + M M + + + + + M + + 39

Pituitary gland + + + + + + + + + + M + + + + + + + + + + + + + + 49

Pars distalis, adenoma X X X X X X X X X X X X X X X X X 30

Pars distalis, adenoma, multiple X 2

Pars distalis, carcinoma 1

Thyroid gland + + + + + + + + M + + + + + + + + + + + + + + + + 49

C-cell, adenoma 2

Follicular cell, adenoma XX 2

General Body System

None

Genital System
Clitoral gland + + + + + + + + + + + + + + + + + + + + + + + + + 49

Adenoma X X 2

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 50

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Leiomyosarcoma 1

Polyp stromal X X X X X X X 10

Vagina + +
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Table B2
Individual Animal Tumor Pathology of Female Rats in the 2>Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(continued)

3 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7

Number of Days on Study 1 2 0 3 3 4 8 8 1 1 2 3 5 6 6 7 8 0 2 3 3 3 3 3 3

7 8 6 2 3 0 3 7 0 7 9 9 2 0 9 4 8 6 6 0 0 0 0 0 0

8 7 7 7 8 7 7 7 7 7 7 8 7 7 7 7 7 7 7 7 7 7 7 7 7

Carcass ID Number 0 4 4 7 2 3 5 8 8 7 9 1 8 3 9 6 4 4 9 3 3 3 4 5 5

2 2 3 2 2 5 4 5 3 4 3 5 4 3 5 2 5 4 2 1 2 4 1 1 2

Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + + + + + +
Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + +
Spleen + + + + + + + + + + + + + + + + + + + + + + + +
Thymus + + + + + + M + + + + + + + M + + + + + + + + + +

Integumentary System
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Adenocarcinoma X
Fibroadenoma X X X X X
Fibroadenoma, multiple X

Skin + + + + + + + + + + + + + + + + + + + + + + + + +
Subcutaneous tissue, fibrosarcoma

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + +

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + +
Astrocytoma NOS X
Ependymoma benign X

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Fibrosarcoma, metastatic, ear X

Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System

Ear +
Pinna, fibrosarcoma X

Eye + + + +
Zymbal’s gland + M + + + + + + + + + + + M + + + + + + + + M + +

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + +
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + +

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + +
Leukemia mononuclear X X X X X X X
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Taiu.K B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(coniinued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 Total

Carcass II) Number 5 5 6 6 6 6 7 7 7 8 8 9 9 0 0 0 0 1 1 1 1 2 2 2 2 Tissues/

3 5 1 3 4 5 1 3 5 1 2 1 4 1 3 4 5 1 2 3 4 1 3 4 5 Tumors

Hematopoietic System

Bone marrow

Lymph node

Lymph node, mandibular

Lymph node, mesenteric

Spleen

Thymus

+ + + + + + +

+ + + + + + +
+ + + + + + +
+ + + + + + +
+ + + + + + +

+ + + + + + +

+ + + + + + +
+ + + + + + +
+ + + + + + +
+ + M M + + +

+ + + + + + +

+ + + + + + +
+ + + + + + +
+ + + + + + +
+ + + + M M M

+ + + + 50

6

+ + + + 50

+ + + + 50

+ + + + 50

M + + + 42

Integumentary System
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenocarcinoma X 2

Fibroadenoma X X X X X X X X X X X 16

Fibroadenoma, multiple X X 3

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 50

Subcutaneous tissue, fibrosarcoma X 1

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50

Astrocytoma NOS 1

Eptendymoma benign 1

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50

Fibrosarcoma, metastatic, ear 1

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50

Trachea + + + + + + + + M + + + + + + + + + + + + + + + 49

Special Senses System

Ear 1

Pinna, fibrosarcoma 1

Eye + + 6

Zymbal’s gland + + + + + + + + + + + + + + + + + + + + + + + + + 47

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50

Leukemia mononuclear X X 9
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Table B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm

0 1 2 2 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7

Number of Days on Study 8 7 2 9 8 0 0 5 5 6 7 9 1 3 3 4 5 5 5 6 6 6 7 0 1

5 6 6 6 4 2 2 4 5 0 2 5 8 7 9 9 8 8 8 0 3 5 4 2 9

9 9 8 9 9 9 9 8 8 8 8 8 9 8 8 8 8 8 8 9 9 8 8 9 8

Carcass ID Number 4 3 9 0 2 3 3 7 9 6 6 7 1 5 8 9 6 7 8 1 3 8 6 4 9

2 5 2 4 1 1 3 5 5 5 2 3 3 2 4 3 3 4 5 5 2 3 4 1 1

Alimentary System

Esophagus -1- + -t-
-1- + -1- -1- + .+ + -t- -1- + -1- + + -f + -b -b -b -b +

Intestine large, colon A + + -1- + + + + + A -1- + -1- -1- + -1- -1- + -1- + -b -b -b + -b

Intestine large, rectum A + + + + -t- + -1- -1- -1- + -1- -1- A -1- -1- -1- -1- + + -b -b -b -b

Intestine large, cecum A + -t- -1- + + -t- + -1- -1- + + -1- -1- A -1- -1- -1- -1- + + -b -b -b -b

Intestine small, duodenum A + A A + + -1- -t- -1- A + + + -1- A -1- + -1- + + -b -b -b -b -b

Intestine small, jejunum A + -1- + + + -1- + -1- A + + -1- -1- A -1- + -1- + + -b -b -b -b -b

Intestine small, ileum A + -1- -1- + + -f + -1- A + + A + A -1- + -1- + + -b -b -b -b -b

Liver -t- + + -1- + -t- + + + + + -f- + + + + + -b -b -b -b -b

Mesentery + -1-

Pancreas A + -1- -1- + -1- + + + A + + -1- -1- + + + + -t- + -b + -b -b -b

Pharynx + +
Palate, squamous cell papilloma X X

Salivary glands -1- + -1- -1- + + + -t- + + + + -1- + + + + + -1- + -b -b -b -b -b

Stomach, forestomach A + + + -t- + -t- + + + + + + + + + -1- + -b -b -b -b -b

Squamous cell papilloma X
Stomach, glandular A + -1- + -1- -1- + -1- + + + + + + A + + + -b + -b -b -b + -b

Cardiovascular System

Heart + + -1- + -1- + + -1- + + + + + + 4- + + + + + -b -b -b -b -b

Endocrine System

Adrenal cortex A + + + -1- + -1- -1- + + + + + + -1- + + + + -b -b -b -b +
Carcinoma, metastatic, thyroid gland

Adrenal medulla A + + + -1- + + -1- -1- + + + + + + + + -f + + -b -b -b -b -b

Pheochromocytoma benign X
Bilateral, pheochromocytoma benign X

Islets, pancreatic A + + + -1- + + -1- -1- A + + + + + -1- + + + + -b -b -b + -b

Parathyroid gland + + + + -1- -1- M + + -f + + -t- + + + M + + -b + -b -b M
Pituitary gland A + + + + + -1- + -1- + + + + + + -1- + + + -b -b -b -b -b

Pars distalis, adenoma X X X X X X X
Pars distalis, adenoma, multiple

Pars distalis, carcinoma X
Thyroid gland M + -f + -t- + + -1- + -1- + -1- + + + -t- -1- -t- -b -b -b -b -b -b

Bilateral, C-cell, adenoma

C-cell, adenoma

C-cell, carcinoma

General Body System

None

Genital System

Clitoral gland +
Adenoma X X
Squamous cell carcinoma

Ovary + + +
Uterus +

Polyp stromal X X
Vagina

Fibroma
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r.MU.K H2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(coniinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Numlier of Days on Study 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 Total

Carcass II) Number 5 5 5 5 6 7 7 8 8 9 0 0 0 0 1 1 1 2 2 2 2 3 4 4 4 Tissues/

1 3 4 5 1 1 2 1 2 4 1 2 3 5 1 2 4 2 3 4 5 4 3 4 5 Tumors

Alimentary System
50Esophagus + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4-

Iniesline large, colon + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 48

Intestine large, rectum + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 48

Intestine large, cecum + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 48

Intestine small, duodenum + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 45

Intestine small, jejunum + + + + + + + + + + + + + •+ + + + + 4- 4- 4- 4- 4- 4- 4- 47

Intestine small, ileum + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 46

Liver + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 50

Mesentery + + + 4- 6

Pancreas + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 48

Pharynx 2

Palate, squamous cell papilloma 2

Salivary glands + + + + + + + + + + 4- + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 50

Stomach, forestomach + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 49

Squamous cell papilloma 1

Stomach, glandular + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 48

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 50

Endocrine System

Adrenal cortex 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Carcinoma, metastatic, thyroid gland X 1

Adrenal medulla 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Pheochromocytoma benign X 2

Bilateral, pheochromocytoma benign 1

Islets, pancreatic + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 48

Parathyroid gland 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- M 4- 4- + 4- M 4- 4- 4- 4- 4- 4- 4- 4- M 44

Pituitary gland 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- M 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- M 4- 4- 4- 47

Pars distalis, adenoma X X X X X X X X X X X X X 20

Pars distalis, adenoma, multiple X 1

Pars distalis, carcinoma X 2

Thyroid gland 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Bilateral, C-cell, adenoma X 1

C-cell, adenoma X X 2

C-cell, carcinoma

General Body System

None

Genital System

Clitoral gland 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 47

Adenoma 2

Squamous cell carcinoma X 1

Ovary 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Uterus 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Polyp stromal X X X X X X X X 10

Vagina 4- 4- + 3

Fibroma X 1
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Table B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.l. Direct Blue 218: 10,000 ppm
(continued)

0 1 2 2 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 7

Number of Days on Study 8 7 2 9 8 0 0 5 5 6 7 9 1 3 3 4 5 5 5 6 6 6 7 0 1

5 6 6 6 4 2 2 4 5 0 2 5 8 7 9 9 8 8 8 0 3 5 4 2 9

9 9 8 9 9 9 9 8 8 8 8 8 9 8 8 8 8 8 8 9 9 8 8 9 8

Carcass ID Number 4 3 9 0 2 3 3 7 9 6 6 7 1 5 8 9 6 7 8 1 3 8 6 4 9

2 5 2 4 1 1 3 5 5 5 2 3 3 2 4 3 3 4 5 5 2 3 4 1 1

Hematopoietic System

Bone marrow A + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + + + + + + +
Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma, metastatic, thyroid gland

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + +
Spleen A + + + + + + + + + + + + + A + + + + + + + + + +
Thymus A M + + + + + + + + M + + + + + + + + + + M + + +
Thymoma benign

Integumentary System
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Adenoacanthoma X
Adenocarcinoma

Adenoma X
Fibroadenoma X X X

Skin + + + + + + + + + + + + + + + + + + + + + + + + +
Subcutaneous tissue, fibroma X

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + +
Skeletal muscle +
Back, sarcoma X

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma, metastatic, pituitary

gland

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma

Carcinoma, metastatic, thyroid gland

Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma, metastatic, thyroid gland

Special Senses System

Zymbal’s gland M + + + + + + + M + + + M + + + + + + + + + + + +

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma X

Urethra

Urinary bladder + + + + + + + + + + + + + + A + + + + + + + + + +

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + +
Leukemia mononuclear X X X X X X X X X
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I aIJI-K H2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(coniinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 Total

Carcass 11) Number 5 5 5 5 6 7 7 8 8 9 0 0 0 0 1 1 1 2 2 2 2 3 4 4 4 Tissues/

1 3 4 5 1 1 2 1 2 4 1 2 3 5 1 2 4 2 3 4 5 4 3 4 5 Tumors

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 49

Lymph node + + + + + + + 14

Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + + 50

Carcinoma, metastatic, thyroid gland X 1

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + + 50

Spleen + + + + + + + + + + + + + + + + + 4- + + + + + + + 48

Thymus + + + + + + + + + + + + + M + + + + + + + + + + + 45

Thymoma benign X 1

Integumentary System

Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoacanthoma 1

Adenocarcinoma X 1

Adenoma 1

Fibroadenoma X X X X X X X 10

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 50

Subcutaneous tissue, fibroma 1

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50

Skeletal muscle 1

Back, sarcoma 1

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50

Carcinoma, metastatic, pituitary

gland X 1

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50

Alveolar/bronchiolar adenoma X X 2

Carcinoma, metastatic, thyroid gland X X 2

Nose + + + + + + + + + + + + + + + + + + + + + + + + 50

Trachea + + + + + + + + + + + + + + + + + + + + + + + + 50

Carcinoma, metastatic, thyroid gland X X 2

Special Senses System
Zymbal’s gland M + + + + + + + + + + + + + + + + + + + + + + + + 46

Urinary System

Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50

Carcinoma 1

Urethra + 1

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 49

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50

Leukemia mononuclear X X X X X X X 16
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Table B3
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Adrenal Medulla: Benign Pheochromocytoma
Overall rates^ 1/50 (2%) 0/50 (0%) 1/50 (2%) 3/50 (6%)
Adjusted rates^ 2.9% 0.0% 3.2% 9.9%

Terminal rates'^ 1/35 (3%) 0/29 (0%) 1/31 (3%) 1/25 (4%)
First incidence (days) 729 (T)

e
729 (T) 649

Life table tests'* P =0.047 P=0.538N P= 0.735 P=0.208

Logistic regression tests'* P= 0.063 P=0.538N P= 0.735 P=0.269

Cochran-Armitage test'*

Fisher exact test'^

P= 0.082

P=0.500N P=0.753N P=0.309

Mammary Gland: Carcinoma
Overall rates 3/50 (6%) 1/50 (2%) 2/50 (4%) 1/50 (2%)
Adjusted rates 7.9% 3.4% 5.2% 4.0%

Terminal rates 2/35 (6%) 1/29 (3%) 1/31 (3%) 1/25 (4%)
First incidence (days) 659 729 (T) 506 729 (T)

Life table tests p=0.440N P=0.367N P=0.542N P=0.431N
Logistic regression tests P=0.369N P=0.320N P=0.496N P=0.370N
Cochran-Armitage test

Fisher exact test

P=0.347N

P=0.309N P=0.500N P=0.309N

Mammary Gland: Adenoma or Carcinoma
Overall rates 3/50 (6%) 1/50 (2%) 2/50 (4%) 2/50 (4%)
Adjusted rates 7.9% 3.4% 5.2% 6.5%
Terminal rates 2/35 (6%) 1/29 (3%) 1/31 (3%) 1/25 (4%)
First incidence (days) 659 729 (T) 506 618

Life table tests P= 0.567 P=0.367N P=0.542N P=0.632N
Logistic regression tests P=0.607N P=0.320N P=0.496N P=0.545N
Cochran-Armitage test

Fisher exact test

P=0.591N

P=0.309N P=0.500N P=0.500N

Mammary Gland: Fibroadenoma
Overall rates 19/50 (38%) 12/50 (24%) 19/50 (38%) 10/50 (20%)
Adjusted rates 49.7% 35.4% 54.0% 34.3%

Terminal rates 16/35 (
46%) 8/29 (28%) 15/31 (48%) 7/25 (28%)

First incidence (days) 666 572 629 639

Life table tests P=0.283N P=0.232N P =0.402 P=0.233N
Logistic regression tests P=0.181N P=0.122N P =0.462 P=0.116N
Cochran-Armitage test

Fisher exact test

P=0.069N

P=0.097N P=0.582N P=0.038N

Mammary Gland: Fibroadenoma or Adenoma
Overall rates 19/50 (38%) 12/50 (24%) 19/50 (38%) 11/50 (22%)
Adjusted rates 49.7% 35.4% 54.0% 36.1%

Terminal rates 16/35 (46%) 8/29 (28%) 15/31 (48%) 7/25 (28%)
First incidence (days) 666 572 629 618

Life table tests P = 0.384N P=0.232N P=0.402 P=0.316N

Logistic regression tests P=0.257N P=0.122N P= 0.462 P=0.159N
Cochran-Armitage test

Fisher exact test

P=0.111N

P=0.097N P=0.582N P=0.063N
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I AUl.K H3

Stiilislical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Miiniimiry (iland: Fibroadenoma, Adenoma,
Overall rates

or Carcinoma

22/50 (44%) 13/50 (26%) 20/50 (40%) 12/50 (24%)
Adjusted rates 56.0% 38.57o 55.0% 39.6%

lerminal rales 18/35 (51%) 9/29 (31%) 15/31 (48%) 8/25 (32%)
F'irsi incidence (days) 659 572 506 618

Life table tests P=0.316N p=0.147N P=0.548 P=0.228N
Logistic regression tests P=0.178N P=0.060N P=0.508N P=0.089N

CcKhran-Armitage test

Fisher exact test

P=0.072N

P=0.046N P=0.420N P=0.028N

I’iltiilary Gland (Pars Distalis): Adenoma
Overall rates 28/50 (56%) 31/47 (66%) 32/49 (65%) 21/47 (45%)
Adjusted rates 66.3% 78.1% 79.6% 67.6%
Terminal rales 21/35 (60%) 18/26 (69%) 22/30 (73%) 14/23 (61%)
First incidence (days) 499 419 533 484

Life table tests P=0.413N P=0.075 IIP o00 P=0.449
Logistic regression tests P=0.098N P=0.193 P=0.163 P=0.318N
Cochran-Armitage test

Fisher exact test

P=0.046N

P=0.213 P =0.229 P=0.181N

Pituitary Gland (Pars Distalis): Adenoma or

Overall rates

Carcinoma

30/50 (60%) 31/47 (667o) 33/49 (67%) 23/47 (49%)
Adjusted rates 67.97c 78.1% 80.0% 71.8%
Terminal rates 21/35 (60%) 18/26 (697c) 22/30 (73%) 15/23 (65%)
First incidence (days) 499 419 532 484
Life table tests P=0.502N P=0.141 P=0.153 P=0.421
Logistic regression tests P=0.127N P= 0.330 P= 0.243 P = 0.295N
Cochran-Armitage test

Fisher exact test

P=0.069N

P= 0.346 P =0.291 P=0.187N

Thyroid Gland (C-cell): Adenoma
Overall rates 3/50 (67c) 4/50 (8%) 2/49 (4%) 3/49 (6%)
Adjusted rates 8.6% 13.8% 5.8% 12.0%
Terminal rates 3/35 (9%) 4/29 (147o) 1/30 (3%) 3/25 (12%)
First incidence (days) 729 (T) 729 (T) 639 729 (T)
Life table tests P = 0.527 P =0.397 P=0.567N P = 0.500
Logistic regression tests P=0.546 P =0.397 P=0.534N P=0.500
Cochran-Armitage test

Fisher exact test

P=0.557N

P=0.500 P=0.510N P=0.651

Thyroid Gland (C-cell): Carcinoma
Overall rates 1/50 (2%) 0/50 (0%) 0/49 (0%) 3/49 (6%)
Adjusted rates 2.9% 0.0% 0.0% 12.0%
Terminal rates 1/35 (3%) 0/29 (0%) 0/30 (0%) 3/25 (12%)
First incidence (days) 729 (T) - _ 729 (T)
Life table tests P= 0.028 P=0.538N P=0.531N P=0.193
Logistic regression tests P=0.028 P=0.538N P=0.531N P = 0.193
Cochran-Armitage test

Fisher exact test

11 ob C/»

P=0.500N P = 0.505N P = 0.301
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Table B3
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Thyroid Gland (C-cell): Adenoma or Carcinoma

Overall rates 4/50 (8%) 4/50 (8%) 2/49 (4%) 6/49 (12%)
Adjusted rates 11.4% 13.8% 5.8% 24.0%

Terminal rates 4/35 (11%) 4/29 (14%) 1/30 (3%) 6/25 (24%)
First incidence (days) 729 (T) 729 (T) 639 729 (T)

Life table tests P=0.117 P=0.538 P=0.408N P=0.176

Logistic regression tests P=0.125 P= 0.538 P=0.375N P=0.176

Cochran-Armitage test

Fisher exact test

P=0.231

P=0.643N P=0.349N P=0.357

Uterus: Stromal Polyp

Overall rates 1/50 (2%) 12/50 (24%) 10/50 (20%) 10/50 (20%)
Adjusted rates 2.9% 36.6% 28.4% 36.6%

Terminal rates 1/35 (3%) 9/29 (31%) 7/31 (23%) 8/25 (32%)
First incidence (days) 729 (T) 670 583 660

Life table tests P= 0.034 P<0.001 P= 0.004 P< 0.001

Logistic regression tests P=0.053 P<0.001 P=0.004 P=0.001

Cochran-Armitage test

Fisher exact test

P=0.131

P<0.001 P= 0.004 P=0.004

All Organs: Mononuclear Cell leukemia
Overall rates 11/50 (22%) 16/50 (32%) 9/50 (18%) 16/50 (32%)
Adjusted rates 25.6% 39.2% 24.1% 45.3%

Terminal rates 5/35 (14%) 5/29 (17%) 4/31 (13%) 7/25 (28%)
First incidence (days) 428 621 617 554

Life table tests P = 0.080 P=0.135 P=0.503N P= 0.058

Logistic regression tests P=0.198 P=0.187 P=0.393N P=0.164

Cochran-Armitage test

Fisher exact test

P= 0.235

P=0.184 P=0.402N P=0.184

All Organs: Benign Neoplasms
Overall rates 37/50 (74%) 39/50 (78%) 39/50 (78%) 38/50 (76%)
Adjusted rates 85.9% 86.5% 92.8% 92.4%

Terminal rates 29/35 (83%) 23/29 (79%) 28/31 (90%) 22/25 (88%)
First incidence (days) 499 419 533 484

Life table tests P=0.043 P=0.126 P=0.156 P= 0.024

Logistic regression tests P=0.218 P=0.378 P=0.284 P=0.187

Cochran-Armitage test

Fisher exact test

P=0.551

P= 0.408 P= 0.408 P=0.500

All Organs: Malignant Neoplasms

Overall rates 17/50 (34%) 22/50 (44%) 17/50 (34%) 22/50 (44%)
Adjusted rates 37.6% 47.8% 38.8% 58.2%

Terminal rates 8/35 (23%) 6/29 (21%) 6/31 (19%) 10/25 (40%)
First incidence (days) 428 452 428 502

Life table tests P= 0.092 P=0.157 P =0.473 P= 0.054

Logistic regression tests P =0.347 P =0.229 P=0.541N P=0.186

Cochran-Armitage test

Fisher exact test

P=0.270

P= 0.206 P=0.583N P =0.206
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I aui.k H3

Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218 (cominued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

All Organs: Benign or Malignant Neoplasms

Overall rates 45/50 (90%) 46/50 (92%) 46/50 (92%) 45/50 (90%)
Adjusted rates 91.8% 92.0% 95.8% 97.8%

Terminal rates 31/35 (89%) 25/29 (86%) 29/31 (94%) 24/25 (96%)
I'irst incidence (days) 428 419 428 484

Life table tests P=0.050 P=0.166 P =0.224 ooIIcu

Logistic regression tests P= 0.330 P= 0.498 P= 0.486 P=0.279

Cochran-Armitage test

F'isher exact test

P=0.513N

P=0.500 P =0.500 P=0.630N

(T)Tcrminnl sacrifice

^ Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal gland,

bone marrow, brain, cliloral gland, heart, kidney, larynx, liver, lung, nose, ovary, pancreas, parathyroid gland, pituitary gland, salivary gland, spleen,

thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.

^ Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Beneath the control incidence are the P values associated with the trend test. Beneath the exposed group incidence are the P values corresponding

to pairwise comparisons between the controls and that exposed group. The life table analysis regards neoplasms in animals dying prior to terminal

kill as being (directly or indirectly) the cau.se of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and

Fisher exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in an exposure group is indicated

by N.

Not applicable; no neoplasms in animal group
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Table B4a

Historical Incidence of Uterine Neoplasms in Untreated Female F344/N Rats^

Study

Incidence in Controls

Stromal Stromal Stromal Polyp or

Polyp Sarcoma Sarcoma

Historical Incidence at Microbiological Associates, Inc.

C.l. Direct Blue 218 1/50 0/50 1/50

(i/-Amphetamine Sulfate 10/50 1/50 11/50

Overall Historical Incidence

Total 205/1,251 (16.4%) 9/1,251 (0.7%) 213/1,251 (17.0%)

Standard deviation 6.6% 1.5% 6.9%

Range 2%-30% 0%-6% 2%-30%

® Data as of 20 August 1992

Table B4b

Historical Incidence of Forestomach Neoplasms in Untreated Female F344/N Rats®

Study

Incidence in Controls

Squamous Cell Squamous Cell Squamous Cell

Papilloma Carcinoma Papilloma or

Carcinoma

Historical Incidence at Microbiological Associates, Inc.

C.l. Direct Blue 218 0/50 0/50 0/50

^//-Amphetamine Sulfate 0/50 0/50 0/50

Overall Historical Incidence

Total 2/1,251 (0.2%) 0/1,251 (0.0%) 2/1,251 (0.2%)

Standard deviation 0.6% 0.6%

Range 0%-2% 0%-2%

Data as of 20 August 1992
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TabI.K B4c

Historical Incidence of Oral Epithelium Neoplasms in Untreated Female F344/N Rats^

Study Squamous Cell

Papilloma

Incidence in Controls

Squamous Cell

Carcinoma

Squamous Cell

Papilloma or

Carcinoma

Historical Incidence at Microbiological Associates, Inc.

C.l. Direct Blue 218 1/50 0/50 1/50

<f/-Amphetamine Sulfate 0/50 0/50 0/50

Overall Historical Incidence

Total 8/1,251 (0.6%) 4A,251 (0.3%) 12/1,251 (1.0%)
Standard deviation 1.1% 0.8% 1.4%
Range 0%-4% 0%-2% 0%-6%

Data as of 20 August 1992
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Table B5

Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218^

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Disposition Summary
Animals initially in study 60 60 60 60

15-Month interim evaluation

Early deaths

9 9 10 10

Moribund 12 15 13 16

Natural deaths 4 7 6 9

Survivors

Died last week of study 1

Terminal sacrifice 35 28 31 25

Animals examined microscopically 59 59 60 60

15-Month Interim Evaluation

Alimentary System

Liver (9) (9) (10) (10)

Angiectasis 1 (10%)
Basophilic focus

Clear cell focus 1 (11%)

3 (33%) 1 (10%)

2 (20%)
Developmental malformation

Fatty change

1 (11%)

1 (10%)
Hepatodiaphragmatic nodule

Hyperplasia

1 (11%)

1 (10%)

1 (10%)

Inflammation, chronic 2 (22%) 2 (22%) 3 (30%) 5 (50%)
Mesentery (9) (9) (10) (10)

Fat, necrosis 1 (11%) 1 (11%) 1 (10%) 2 (20%)
Pancreas (9) (9) (10) (10)

Atrophy, acinar cell 1 (11%) 1 (11%) 1 (10%) 2 (20%)

Cardiovascular System

None

Endocrine System

Pituitary gland (9) (8) (10) (10)

Pars distalis, angiectasis 1 (10%) 2 (20%)
Pars distalis, cyst 4 (44%) 4 (50%) 4 (40%)
Pars distalis, hyperplasia 3 (33%) 5 (50%) 5 (50%)

Thyroid gland (9) (8) (10) (10)

C-cell, hyperplasia 1 (11%) 1 (13%) 3 (30%)

General Body System

None

Genital System

Chloral gland (9) (9) (10) (10)

Duct, dilatation

Inflammation, chronic 1 (11%)

2 (20%)
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rAlU.K H5

Siimmury of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218

(coniinucd)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

I5-\fonlh Interim Evaluation (continued)

Genital System (continued)

Ovary (9) (9) (10) (10)

Cyst 1 (11%) 1 (10%)

Cyst, bilateral 1 (10%)

Uterus (9) (9) (10) (10)

Cyst 3 (33%)

Dilatation 2 (22%) 1 (11%) 2 (20%) 4 (40%)

Hematopoietic System

Lymph node, mandibular (8) (9) (10) (10)

Congestion 4 (50%) 2 (22%) 3 (30%) 2 (20%)

Thymus (9) (9) (10) (10)

1 lemorrhage 1 (10%)

Integumentary System

Mammary gland (9) (9) (9) (10)

Dilatation 1 (11%)

Musculoskeletal System

None

Nervous System

Brain (9) (9) (10) (10)

Inflammation, chronic 1 (10%)

Respiratory System

Lung (9) (9) (10) (10)

Congestion

Hemmorrhage
1 (11%)

1 (10%)

1 (10%)

Infiltration cellular, histiocyte 3 (33%) 5 (50%) 1 (107o)

Interstitum, inflammmation 1 (11%) 2 (22%) 1 (10%) 1 (10%)
Nose (9) (9) (10) (10)

Fungus 1 (10%)
Inflammation, chronic, active 1 (11%) 1 (10%)

Special Senses System

None

Urinary System

Kidney (9) (9) (10) (10)

Mineralization 8 (89%) 7 (78%) 9 (90%) 10 (100^7)

Nephropathy 5 (56%) 3 (33%) 6 (60%) 8 (KO'7
)
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Table B5
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218
(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study

Alimentary System

Intestine small, jejunum (48) (45) (49) (47)

Mineralization, focal 1 (2%)
Liver (50) (50) (50) (50)

Angiectasis, focal 3 (6%) 1 (2%)
Basophilic focus 38 (76%) 28 (56%) 41 (82%) 30 (60%)
Clear cell focus 11 (22%) 4 (8%) 16 (32%) 12 (24%)
Congestion 2 (4%) 1 (2%) 3 (6%)
Cyst 1 (2%)
Degeneration, cystic, focal 2 (4%) 1 (2%)
Developmental malformation 1 (2%) 5 (10%) 1 (2%)
Eosinophilic focus 2 (4%) 2 (4%) 3 (6%) 3 (6%)
Fatty change, diffuse 4 (8%) 5 (10%) 2 (4%) 1 (2%)
Fatty change, focal 14 (28%) 11 (22%) 9 (18%) 18 (36%)
Hematopoietic cell proliferation 3 (6%) 1 (2%)
Hemorrhage, focal 1 (2%)
Hepatodiaphragmatic nodule 4 (8%) 4 (8%) 2 (4%) 1 (2%)
Hyperplasia, focal 4 (8%) 1 (2%) 1 (2%)
Inflammation, chronic, focal 11 (22%) 9 (18%) 8 (16%) 10 (20%)
Inflammation, focal, granulomatous 1 (2%) 2 (4%) 1 (2%)
Mixed cell focus 2 (4%) 2 (4%) 4 (8%)
Necrosis, focal 2 (4%) 1 (2%) 3 (6%)
Bile duct, dilatation, focal 1 (2%)
Bile duct, hyperplasia, focal 3 (6%) 1 (2%) 2 (4%) 2 (4%)
Centrilobular, necrosis 2 (4%)
Vein, dilatation 1 (2%) 1 (2%)

Mesentery (8) (6) (3) (6)

Fat, necrosis, focal 8 (100%) 3 (50%) 2 (67%) 5 (83%)
Pancreas (50) (48) (50) (48)

Accessory spleen 1 (2%)
Acinus, atrophy, diffuse 1 (2%) 1 (2%)
Acinus, atrophy, focal 15 (30%) 9 (19%) 9 (18%) 13 (27%)
Acinus, ectopic liver, focal 1 (2%)
Artery, inflammation, focal 1 (2%)
Duct, hyperplasia, focal 1 (2%)

Salivary glands (50) (50) (50) (50)

Inflammation, chronic 1 (2%)
Stomach, forestomach (50) (49) (50) (49)

Acanthosis, focal 2 (4%) 2 (4%) 3 (6%) 3 (6%)
Hyperplasia, basal cell, focal 1 (2%) 1 (2%) 5 (10%) 11 (22%)
Inflammation, acute, focal 2 (4%)
Inflammation, chronic, focal 1 (2%) 1 (2%) 1 (2%)
Mineralization, focal 1 (2%)
Ulcer 1 (2%) 1 (2%) 1 (2%)
Ulcer, focal 2 (4%) 2 (4%) 2 (4%) 2(4%)

Stomach, glandular (50) (48) (50) (48)

Erosion, focal 1 (2%) 1 (2%)
Inflammation, chronic active, focal 1 (2%)
Ulcer, focal 1 (2%)

Tongue (1)

Acanthosis, focal 1 (100%)
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I ahi k H5

Siimmury of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218
(coniinucd)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Cardiovascular System

Heart (50) (50) (50) (50)

Cardiomyopathy 22 (44%) 20 (40%) 21 (42%) 14 (28%)
Atrium, thrombosis 2 (4%)

KndtKrine System

Adrenal cortex (50) (50) (50) (49)

Angiectasis, focal 2 (4%) 5 (10%) 13 (26%) 7 (14%)
Congestion 2 (4%)
Cyst 1 (2%) 1 (2%)
Degeneration, cystic, focal 2 (4%) 1 (2%)
Hematopoietic cell proliferation, focal 1 (2%)
Hemorrhage 1 (2%)
Hyperplasia, focal 4 (8%) 3 (6%) 7 (14%) 6 (12%)
Hyptertrophy, focal 2 (4%) 3 (6%) 2 (4%) 4 (8%)
Necrosis, focal 2 (4%)
Vacuolization cytoplasmic, diffuse 2 (4%)
Vacuolization cytoplasmic, focal 18 (36%) 21 (42%) 16 (32%) 18 (37%)

Adrenal medulla (49) (50) (47) (49)

Degeneration 1 (2%)
Hyperplasia 7 (14%) 5 (10%) 6 (13%) 3 (6%)
Bilateral, hyp>erplasia 2 (4%) 1 (2%) 1 (2%)

Islets, pancreatic (50) (48) (50) (48)

Hyperplasia, focal 1 (2%) 1 (2%) 1 (2%) 1 (2%)
Parathyroid gland (45) (43) (39) (44)

Cyst
1 (2%)

Pituitary gland (50) (47) (49) (47)
Hemorrhage, focal 1 (2%)
Pars distalis, angiectasis 2 (4%) 1 (2%)
Pars distalis, angiectasis, focal 1 (2%)
Pars distalis, cyst 10 (20%) 10 (21%) 7 (14%) 11 (23%)
Pars distalis, hyperplasia, focal 13 (26%) 9 (19%) 9 (18%) 14 (30%)

Thyroid gland (50) (50) (49) (49)
Inflammation 1 (2%) 1 (2%)
C-cell, hyperplasia, diffuse 1 (2%)
C-cell, hyperplasia, focal 10 (20%) 4 (8%) 6 (12%) 11 (22%)
Follicle, dilatation, focal 1 (2%)

General Body System

None

Genital System

Clitoral gland (47) (48) (49) (47)
Hyperplasia 3 (6%) 3(6%)
Inflammation, chronic 2 (4%)

1 (2%)
Inflammation, suppurative 3 (6%) 1 (2%) 2 (4^f

)

Bilateral, duct, dilatation
1 (2%)

Duct, dilatation 8 (17%) 12 (25%) 15 (31%) 9 (19'

4
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Table B5
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218
(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Genital System (continued)

Ovary (50) (50) (50) (50)

Congestion 1 (2%)
Cyst 3 (6%) 9 (18%) 5 (10%) 4 (8%)
Bilateral, cyst 1 (2%)

Uterus (50) (50) (50) (50)

Cyst 5 (10%) 7 (14%) 8 (16%) 6 (12%)
Cyst, multiple 2 (4%) 3 (6%) 2 (4%)
Dilatation 3 (6%) 5 (10%) 6 (12%)
Hyproplasia 1 (2%)
Inflammation, acute 1 (2%)

Vagina (1) (1) (2) (3)

Cyst 2 (100%)
Hyperplasia, focal, squamous 1 (50%)

Hematopoietic System

Bone marrow (49) (49) (50) (49)

Atrophy 7 (14%) 4 (8%) 10 (20%) 8 (16%)
Hyperplasia 1 (2%)

Lymph node (7) (12) (6) (14)

Axillary, hyperplasia, lymphoid

Axillary, hyperplasia, plasma cell

Iliac, hyperplasia, plasma cell 1 (8%)

1 (17%)

1 (7%)

Mediastinal, hemorrhage

Mediastinal, infiltration cellular.

1 (14%) 2 (17%) 3 (50%) 4 (29%)

histiocyte

Pancreatic, infiltration cellular, histiocyte

1 (8%)

1 (7%)
Renal, hemorrhage 2 (29%) 1 (8%) 1 (17%) 2 (14%)

Lymph node, mandibular (49) (50) (50) (50)

Cyst 3 (6%)
Hemorrhage 3 (6%) 1 (2%) 3 (6%) 2 (4%)
Hyperplasia, lymphoid 1 (2%) 1 (2%)
Hyperplasia, plasma cell 3 (6%) 1 (2%) 3 (6%)

Lymph node, mesenteric (50) (50) (50) (50)

Hemorrhage 6 (12%) 4 (8%) 3 (6%) 1 (2%)
Hyperplasia, lymphoid

Hyperplasia, plasma cell 1 (2%)

1 (2%)

Spleen (50) (49) (50) (48)

Hematopoietic cell proliferation

Inflammation, chronic, focal

1 (2%)

1 (2%)

2 (4%) 1 (2%)

Thymus (48) (49) (42) (45)

Congestion

Cyst, multiple

Hemorrhage 1 (2%)

1 (2%)

1 (2%)

2 (4%)
Necrosis 1 (2%)
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1 ABI.K B5

Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218

(conlinucd)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Integumentary System

Mammary gland (50) (50) (50) (50)

Degeneration, focal 1 (2%)

Galactocele 13 (26%) 14 (28%) 10 (20%) 17 (34%)

Hyperplasia, focal 1 (2%) 1 (2%) 4 (8%)

Inflammation, acute, focal 1 (2%) 1 (2%) 1 (2%)

Inllammation, chronic, focal 1 (2%) 2 (4%) 1 (2%)

Duct, dilatation 2 (4%) 1 (2%)

Skin (50) (50) (50) (50)

Cyst epithelial inclusion 1 (2%) 1 (2%)

Musculoskeletal System

Bone

Hyperostosis

Inflammation, acute

Femur, osteoporosis

Skeletal muscle

Diaphragm, ectopic tissue

(50)

5 (10%)

1 (2%)

1 (2%)

(1)

1 (100%)

(50)

2 (4%)

(50)

5 (10%)

(50)

1 (2%)

G)

Nervous System

Brain (50) (50) (50) (50)

Hemorrhage, focal 1 (2%) 2 (4%)
Hydrocephalus 1 (2%) 6 (12%) 3 (6%) 5 (10%)
Infiltration cellular, focal, lymphocyte 1 (2%)
Inflammation, focal 1 (2%)
Meninges, angiectasis, focal 1 (2%)

Respiratory System

Lung (50) (50) (50) (50)

Congestion 1 (2%) 2 (4%) 5 (10%)
Hemorrhage, focal 1 (2%) 3 (6%) 2 (4%)
Infiltration cellular, focal, lymphocyte

Infiltration cellular, focal, histiocyte 10 (20%)

1 (2%)

7 (14%)

2 (4%)

7 (14%) 11 (22%)
Inflammation, focal 9 (18%) 6 (12%) 11 (22%) 8 (16%)
Alveolar epithelium, hyperplasia, focal 1 (2%) 1 (2%) 1 (2%) 1 (2%)
Arteriole, mineralization, focal

Nose (50) (50) (50)

1 (2%)

(50)

Foreign body

Fungus 1 (2%)

1 (2%)

1 (2%) 6 (12%)
1 (2%)

8 (16%)
Hemorrhage

Inflammation, acute

1 (2%)

2 (4%) 3 (6%)

2 (4%)

2 (4%) 3 (6%

)

Inflammation, chronic active 6 (12%) 6 (12%) 9 (18%) 9 (18'Tf
)

Inflammation, subacute 2 (4%) 5 (10%) 3 (6%) 4 (8c;

,

Goblet cell, hypterplasia
1 (2%)
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Table B5
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218
(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Special Senses System

Eye (2) (4) (6)

Hemorrhage 1 (25%)
Inflammation, acute 1 (17%)

Phthisis buibi 1 (50%)

Bilateral, lens, cataract 2 (50%) 3 (50%)

Bilateral, retina, atrophy 2 (50%) 3 (50%)
Lens, cataract 1 (25%) 1 (17%)

Retina, atrophy 1 (50%) 1 (25%) 1 (17%)

Urinary System

Kidney (50) (50) (50) (50)

Congestion 1 (2%)
Cyst 1 (2%) 1 (2%)
Cyst, multiple

Hemorrhage, focal 1 (2%)

1 (2%)

Infiltration cellular, focal, lymphocj’te 1 (2%)
Mineralization, focal 32 (64%) 25 (50%) 28 (56%) 34 (68%)
Nephropathy 39 (78%) 38 (76%) 41 (82%) 40 (80%)
Pigmentation, focal 34 (68%) 24 (48%) 28 (56%) 42 (84%)
Bilateral, hydronephrosis 1 (2%)

Urethra (1)

Cyst 1 (100%)
Urinary bladder (48) (48) (50) (49)

Hemorrhage

Mucosa, hyperplasia 1 (2%)

1 (2%)

Number of animals examined microscopically at site and number of animals with lesion
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Tabi.k Cl

Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218*

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Disposition Summary
Animals initially in study 60 60 60 60

tS-Monlh interim evaluation

Farly deaths

9 10 10 10

Accidental deaths 1

Moribund 2 2 3 1

Natural deaths 3 2 5 4

Survivors

Terminal sacrifice 44 46 42 45

Missing 1

Animals examined microscopically 59 60 60 60

15-Month Interim Evaluation

Alimentary System

Intestine small, jejuunum (9) (10)

Adenocarcinoma 1 (10%)

Liver (9) (10) (10) (10)

Hepatocellular adenoma

Hepatocellular carcinoma 1 (11%)

1 (10%)

Cardiovascular System

None

Endocrine System

Thyroid (9) (10)

Follicular cell, adenocarcinoma 1 (11%)

General Body System

None

Genital System

None

Hematopoietic System

None

Integumentary System

None
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Table Cl
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

15-Month Interim Evaluation (continued)

Musculoskeletal System

None

Nervous System

None

Respiratory System

Lung (9) (3) (2) (10)

Alveolar/bronchioiar adenoma 2 (22%) 2 (67%) 1 (50%)

Urinary System

None

Special Senses System

None

Systemic Lesions

None

2-Year Study

Alimentary System

Gallbladder (45)

Intestine large, colon (48)

Intestine large, cecum (48)

Intestine small, duodenum (48)

Adenoma
Intestine small, jejunum (49)

Carcinoma 1 (2%)
Intestine small, ileum (49)

Liver (50)

Hemangioma

Hemangiosarcoma

Hemangiosarcoma, metastatic, spleen

Hepatoblastoma

Hepatocellular carcinoma 7 (14%)

Hepatocellular adenoma 12 (24%)
Hepatocellular adenoma, multiple 4 (8%)
Histiocytic sarcoma 1 (2%)
Mast cell tumor malignant, metastatic, spleen 1 (2%)
Sarcoma, metastatic, uncertain primary site

Mesentery (3)

Sarcoma, metastatic, uncertain primary site

(47) (46) (47)

(50) (50) (49)

(49) (48) (48)

(48) (47) (49)

1 (2%)

(49) (49) (49)

3(6%)
(49) (47) (48)

(50) (50) (50)

1 (2%)

1 (2%) 1 (2%)

1 (2%) 1 (2%)

1 (2%)

3 (6%) 8 (16%) 17 (34%)

9 (18%) 7 (14%) 9 (187o)

10 (20%) 10 (20%) 31 (62%)

1 (2%)

1 (2%)

(
1 )

1 (100%)
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I aiU.K Cl

Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Alimentary System (continued)

Pancreas (49) (50) (50) (50)

Sarcoma, metastatic, uncertain primary site

Salivary glands (49)

1 (2%)

(50) (50) (50)

Stomach, forestomach (50) (50) (50) (50)

Squamous cell papilloma

Stomach, glandular (50)

1 (2%)

(50) (50)

1 (2%)

(50)

Cardiovascular System

Heart (50) (50) (50) (50)

I lemangiosarcoma

Sarcoma

1 (2%)

1 (2%)

Kndocrine System

Adrenal cortex (50) (50) (50) (50)

Adenoma 3 (6%) 1 (2%)

Capsule, adenoma 1 (2%)
Pituitary gland (49) (48) (48) (48)

TTiyroid gland (50) (50) (50) (50)

Follicular cell, adenoma 2 (4%) 2 (4%) 2 (4%)

General Body System

Tissue NOS (1) (2) (1)

Sarcoma, metastatic, uncertain primary site

Abdominal, hemangiosarcoma, metastatic.

1 (50%)

spleen 1 (50%)

Genital System

Ductus deferens (1)

Epididymis (50) (50) (50) (50)

Histiocytic sarcoma 1 (2%)
Sarcoma 1 (2%) 1 (2%)

Preputial gland (29) (23) (23) (21)

Prostate (50) (49) (50) (50)

Histiocytic sarcoma 1 (2%)
Seminal vesicle (50) (50) (50) (50)

Testes (50) (50) (50) (50)

Histiocytic sarcoma

Interstitial cell, adenoma
1 (2%)

1 (2%) 1 (2%) 1 (2%)

Hematopoietic System

Bone marrow (50) (50) (50) (50)

Histiocytic sarcoma 1 (2%)
Mast cell tumor malignant, metastatic, spleen 1 (2%)
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Table Cl

Summary of the Incidence of Neoplasms in Male Mice in the 2*Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Hematopoietic System (continued)

Lymph node (4) (1) (2) (3)

Alveolar/bronchiolar carcinoma, metastatic,

lung 1 (50%)
Bronchial, alveolar/bronchiolar carcinoma,

metastatic, lung

Mediastinal, alveolar/bronchiolar carcinoma.

1 (50%)

metastatic, lung 1 (50%)
Lymph node, mandibular (46) (49) (49) (48)

Lymph node, mesenteric (48) (49) (50) (50)

Sarcoma, metastatic, uncertain primary site 1 (2%)
Spleen (49) (50) (50) (50)

Hemangioma 1 (2%)
Hemangiosarcoma 1 (2%) 1 (2%)
Histiocytic sarcoma

Mast cell tumor malignant

Sarcoma, metastatic, uncertain primary site

1 (2%)

1 (2%)

1 (2%)

Thymus (49) (45) (46) (42)

Integumentary System

Skin (50) (50) (50) (50)

Subcutaneous tissue, fibroma

Subcutaneous tissue, hemangioma

Subcutaneous tissue, hemangiosarcoma

Subcutaneous tissue, lipoma 1 (2%)

1 (2%)

1 (2%)

1 (2%)

Musculoskeletal System

Skeletal muscle (1)

Sarcoma 1 (100%)

Nervous System

None

Respiratory System

Lung (50) (50) (50) (50)

Alveolar/bronchiolar adenoma 12 (24%) 8 (16%) 7 (14%) 3 (6%)
Alveolar/bronchiolar adenoma, multiple 1 (2%) 1 (2%) 1 (2%)
Alveolar/bronchiolar carcinoma 1 (2%) 3 (6%) 2 (4%) 1 (2%)
Hepatocellular carcinoma, metastatic, liver

Sarcoma, metastatic, uncertain primary site

Sarcoma, metastatic, skeletal muscle

1 (2%)

1 (2%)

1 (2%)

3 (6%) 3 (6%)

Nose (50) (50) (50) (50)
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l ABI.K Cl

Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Special Senses System

l-^r (2)

Pinna, sarcoma 1 (50%)

Ilardcrian gland (3) (4) (4)

Adenoma 3 (100%) 3 (75%) 4 (100%)

Bilalcral, adenoma 1 (25%)

Urinary System

Kidney (50) (50) (50) (50)

Renal tubule, adenoma 2 (4%) 1 (2%) 1 (2%)
Renal tubule, carcinoma 1 (2%)

Urinary bladder (50) (50) (50) (50)

Systemic I^esions

Multiple organs*’ (50) (50) (50) (50)

Histiocytic sarcoma 1 (2%) 1 (2%)
Lymphoma malignant lymphocytic 2 (4%) 1 (2%) 2 (4%) 2 (4%)
Lymphoma malignant mixed 3 (6%)

Neoplasm Summary
Total animals with primary neoplasms*’ 31 37 28 46

Total primary neoplasms 51 59 46 78

Total animals with benign neoplasms 25 31 21 42

Total benign neoplasms 35 45 31 51

Total animals with malignant neoplasms 14 14 12 24

Total malignant neoplasms 16 14 15 27

Total animals with metastatic neoplasms 2 3 4 4

Total metastatic neoplasm

Total animals with malignant neoplasms

3 10 6 4

uncertain primary site 1

Number of animals examined microscopically at site and number of animals with neoplasm
** Number of animals with any tissue examined microscopically
^

Primary neoplasms: all neoplasms except metastatic neoplasms
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Table C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm

0 3 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 2 8 1 1 6 7 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

4 8 9 3 7 6 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Carcass ID Number 0 4 2 2 1 4 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2

9 2 3 2 9 1 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Alimentary System
Esophagus M + + + + + + + + + + + + + + + + + + + + + + + +
Gallbladder + + + + + + + + + + + M + + + M + + + + + + + M M
Intestine large, colon A A + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + A + + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum A A + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, duodenum A A + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, jejunum A + + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma

Intestine small, ileum A + + + + + + + + + + + + + + + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + + +
Hepatocellular carcinoma X X
Hepatocellular adenoma X X X X X
Hepatocellular adenoma, multiple X X X
Histiocytic sarcoma X
Mast cell tumor malignant.

metastatic, spleen

Mesentery + + +
Pancreas A + + + + + + + + + + + + + + + + + + + + + + + +
Salivary glands + + + + + + + + + + M + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangiosarcoma

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + +
Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + +
Islets, pancreatic A + + + + + + + + + + + + + + + + + + + + + + + +
Parathyroid gland M + + + + + M + + + + M M + + + + + + + + M M + +
Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + +

Follicular cell, adenoma X

General Body System
Tissue NOS

Genital System

Epididymis + + + + + + + + + + + + + + + + + + + + + + + + +
Histiocytic sarcoma X
Sarcoma

Preputial gland + + + + + + + + + + + + + + +
Prostate + + + + + + + + + + + + + + + + + + + + + + + + +
Histiocytic sarcoma X

Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + +
Testes + + + + + + + + + + + + + + + + + + + + + + + + +

Histiocytic sarcoma

+ : Tissue examined microscopically

A: Autolysis precludes examination

M: Missing tissue

I: Insufficient tissue

X: Lesion present

Blank: Not examined
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j

Tahi.K C2
' Individual Animal Tumor Patholoj»y of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm

(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Carcass ID Number 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5 Total

4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 3 4 5 6 7 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Alimentary System

Esophagus + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 49

Gallbladder + + + M + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 45

Intestine large, colon + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 48

Intestine large, rectum + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 49

Intestine large, cecum + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 48

Intestine small, duodenum + + + + + 4- + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 48

Intestine small, jejunum + + + -f + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 49

Carcinoma X 1

Intestine small, ileum + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 49

Liver + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 50

Hepatocellular carcinoma X X X X X 7

Hepatocellular adenoma X X X X X X X 12

Hepatocellular adenoma, multiple X 4

Histiocytic sarcoma 1

Mast cell tumor malignant.

metastatic, spleen X 1

Mesentery 3

Pancreas + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 49

Salivary glands + + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 49

Stomach, forestomach + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 50

Stomach, glandular + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 50

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 50

Hemangiosarcoma X 1

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- + 4- 4- 50

Adrenal medulla + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 50

Islets, pancreatic + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 49

Parathyroid gland + + + + + + + + + + M + + + + + + M 4- 4- 4- 4- 4- M 4- 41

Pituitary gland + M + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 49

Thyroid gland + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 50

Follicular cell, adenoma X 2

General Body System
Tissue NOS + 1

Genital System
Epididymis 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 50

Histiocytic sarcoma 1

Sarcoma X 1

Preputial gland 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 29

Prostate 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Histiocytic sarcoma 1

Seminal vesicle 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Testes 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 50

Histiocytic sarcoma 1
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Table C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm
(continued)

0 3 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 2 8 1 1 6 7 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

4 8 9 3 7 6 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Carcass ID Number 0 4 2 2 1 4 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 1

9 2 3 2 9 1 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

^
1

Hematopoietic System
IBone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 1

Histiocytic sarcoma X
i|

Mast cell tumor malignant,

metastatic, spleen
:i

Lymph node + + 1

Lymph node, mandibular + + + + + + + + + + M + M + + + + + + + + + + + +
Lymph node, mesenteric A + + + + + M + + + + + + + + + + + + + + + + + +

j

Spleen A + + + + + + + + + + + + + + + + + + + + + + + +
1

Mast cell tumor malignant
1

Thymus + + + + + + + + + + + + + + + + + + + M + + + + +
1

Integumentary System
Mammary gland M M I I 1 M M M M M + M M M M M M M M M M M M M M
Skin + + + + + + + + + + + + + + + + + + + + + + + + +

1

Subcutaneous tissue, lipoma X
i

Musculoskeletal System
j

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 1

i

Nervous System
i

Brain + + + + + + + + + + + + + + + + + + + + + + +
'!

Respiratory System
!

Lung + + + + + + + + + + + + + + + + + + + + + + + + + i'

Alveolar/bronchiolar adenoma X X X X X X X -1

Alveolar/bronchiolar adenoma.
i

multiple X 1

1

Alveolar/bronchiolar carcinoma X 1

Hepatocellular carcinoma, metastatic. 1

liver
I

Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Ear +
Pinna, sarcoma X

Eye + ,

Harderian gland + + '

Adenoma X X
Zymbal’s gland + + + M + + + + + + + + + M + + M + + + + + + :

Urinary System

Kidney + + + + + + + + + + + + + + + + + + + + + + + +
i'

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + +

Systemic Lesions
1

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + +
Histiocytic sarcoma X
Lymphoma malignant lymphocytic X
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Tahi K C2

liidividtiul Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm
(lonlinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Carcass II) Number 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5 Total

4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 3 4 5 6 7 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50

Histiocytic sarcoma 1

Mast cell tumor malignant,

metastatic, spleen X 1

lymph node + + 4

Lymph node, mandibular M + + + + + + M + + + + + + + + + + + + + + + + + 46

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + + 48

Spleen + + + + + + + + + + + + + + + + + + + + + + + + 49

Mast cell tumor malignant X 1

Thymus + + + + + + + + + + + + + + + + + + + + + + + + + 49

InteKiimentary System

Mammary gland M M M M M M M M M M M M M M M M M M M M M M M M M 1

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 50

Subcutaneous tissue, lipoma 1

Musculoskeletal System

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50

Alveolar/bronchiolar adenoma X X X X X 12

Alveolar/bronchiolar adenoma.

multiple 1

Alveolar/bronchiolar carcinoma 1

Hepatocellular carcinoma, metastatic.

liver X 1

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50

Trachea + + + + + + + + + + + f + + + + + + + + + + + + + 50

Special Senses System
Ear + 2

Pinna, sarcoma 1

Eye 1

Harderian gland + 3

Adenoma X 3

Zymbal’s gland M M + + M + + + + + + + + + M + + + + M + + + M + 39

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50
Histiocytic sarcoma

1

Lymphoma malignant lymphocytic X 2
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Table C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm

4 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 5 5 5 8 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

5 3 9 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Carcass ID Number 7 0 8 7 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 8 8 8 8

8 2 4 1 1 2 3 4 5 6 7 8 9 0 2 3 4 5 6 7 9 0 1 2 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + +
Gallbladder + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum A + + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, duodenum A + + A + + + + + + + + + + + + + + + + + + + +
Adenoma

Intestine small, jejunum A + + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, ileum A + + + + + + + + + + + + + + + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangiosarcoma, metastatic, spleen X
Hepatocellular carcinoma X X X
Hepatocellular adenoma X X X X X X
Hepatocellular adenoma, multiple X X X X
Sarcoma, metastatic, uncertain

primary site X
Mesentery +
Sarcoma, metastatic, uncertain

primary site X
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + +
Sarcoma, metastatic, uncertain

primary site X
Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + +
Squamous cell papilloma

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + + +

Endocrine System
Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma X
Capsule, adenoma

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + +
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + +
Parathyroid gland + + + M + + + + + + + + + + + + + + + + + + + +
Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + +

Follicular cell, adenoma X

General Body System
Tissue NOS + +
Sarcoma, metastatic, uncertain

primary site X
Abdominal, hemangiosarcoma.

metastatic, spleen X
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I'ahi K C2
Individuul Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1

Carcass II) Number 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 1 Total

5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 3 4 5 6 7 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Alimentary System

Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Gallbladder + + + + + + + + + + + + + M + M M + + + + + + + + 47

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine large, rectum + + H- + + + + + + + + + + + + + + + + + + + + + + 50

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + 4- 48

Adenoma
Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + +

X
+ +

1

49

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Liver + + + + -t- + + + + + + + + + + + + + + + + + + + + 50

Hemangiosarcoma, metastatic, spleen

Hepatocellular carcinoma

Hepatocellular adenoma

Hepatocellular adenoma, multiple

Sarcoma, metastatic, uncertain

primary site

Mesentery

Sarcoma, metastatic, uncertain

primary site

X X

1

3

9

10

1

1

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma, metastatic, uncertain

primary site 1

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 50

Squamous cell papilloma X 1

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma X X 3

Capsule, adenoma X 1

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + + 50

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + 50

Parathyroid gland M M + + M + M M + + + + + + + + + + + + M + + + + 43

Pituitary gland + + M + + + + + + + + + + + + + + + M + + + + + + 48

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Follicular cell, adenoma

General Body System
Tissue NOS 2

Sarcoma, metastatic, uncertain

primary site 1

Abdominal, hemangiosarcoma,

metastatic, spleen 1
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Table C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(continued)

4 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 5 5 5 8 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

5 3 9 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Carcass ID Number 7 0 8 7 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 8 8 8 8

8 2 4 1 1 2 3 4 5 6 7 8 9 0 2 3 4 5 6 7 9 0 1 2 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Genital System
Epididymis + + + + + + + + + + + + + + + + + + + + + + + + +
Sarcoma

Preputial gland + + + + + + + + + + +
Prostate + + + + + + + + + + + + + + + + + + + + + + + + +
Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + +
Testes + + + + + + + + + + + + + + + + + + + + + + + + +

Interstitial cell, adenoma X

Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node +
Lymph node, mandibular + + + + + + + + M + + + + + + + + + + + + + + + +
Lymph node, mesenteric + + + + M + + + + + + + + + + + + + + + + + + + +
Sarcoma, metastatic, uncertain

primary site X
Spleen + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangioma X
Hemangiosarcoma X
Sarcoma, metastatic, uncertain

primary site X
Thymus + M + + + + + + + + + + + + + M M + + + + + + M +

Integumentary System

Mammary gland M M M M M M M M M M + M M M M M M M M + M M M M M
Skin + + + + + + + + + + + + + + + + + + + + + + + + +
Subcutaneous tissue, fibroma X

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + +
Skeletal muscle +
Sarcoma X

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + +

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X X X X X
Alveolar/bronchiolar adenoma.

multiple

Alveolar/bronchiolar carcinoma X
Sarcoma, metastatic, uncertain

primary site X
Sarcoma, metastatic, skeletal muscle X

Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +
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I aHI.K C2
Individiiul Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(conlinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1

Carcass ID Number 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 1 Total

5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 3 4 5 6 7 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Genital System

Epididymis + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma X 1

Preputial gland + + + + + + + + + + + + 23

Prostate + + + + + + + + + + + + + + + + + M + + + + + + + 49

Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + + 50

Testes + + + + + + + + + + + + + + + + + + + + + + + + + 50

Interstitial cell, adenoma 1

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50

Lymph node 1

Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + + 49

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + + 49

Sarcoma, metastatic, uncertain

primary site 1

Spleen + + + + + + + + + 4- + + + + + + + + + + + + + + + 50

Hemangioma 1

Hemangiosarcoma 1

Sarcoma, metastatic, uncertain

primary site 1

Thymus + + M + + + + + + + + + + + + + + + + + + + + + + 45

Integumentary System

Mammary gland M M M M M M M M M M M M M M M M M M M M M M M M M 2

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 50

Subcutaneous tissue, fibroma 1

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50

Skeletal muscle 1

Sarcoma 1

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50

Alveolar/bronchiolar adenoma X X X 8

Alveolar/bronchiolar adenoma.

multiple X 1

Alveolar/bronchiolar carcinoma X X 3

Sarcoma, metastatic, uncertain

primary site 1

Sarcoma, metastatic, skeletal muscle 1

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50
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Table C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(continued)

Number of Days on Study

4666777777777777777777777
5558333333333333333333333
5399888888888888888888888

Carcass ID Number
0100000000000000000000000
7087666666666777777778888
8241123456789023456790123
1111111111111111111111111

Special Senses System

Eye

Harderian gland

Adenoma

+ +
+ + +
X XX

Bilateral, adenoma

Zymbal’s gland + + + M+ + + + + MM+ + + M+ + + + + MM+ +

Urinary System
Kidney

Renal tubule, adenoma

Renal tubule, carcinoma

+ + + + + + + + + + + + + + + + + + + + + + + + +

Urinary bladder “i“4-4-4-4-4*4- + + + + 4-4'4* + + + + + + + + + + 4-

Systemic Lesions

Multiple organs

Lymphoma malignant lymphocytic

+ + + + + + + + + + + + + + + + + + + + + + + + +

Lymphoma malignant mixed X X
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1 \HI.K C2
Iiidividiiul Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218; 1,000 ppm
(amlinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1

Carcass II) Number 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 1 Total

5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 3 4 5 6 7 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Special Senses System

Eye 2

Harderian gland + 4

Adenoma 3

Bilateral, adenoma X 1

Zymbal's gland + + M + MMM+ + + + + M+ + MMM+ + + + + M + 34

Urinarj' System
Kidney

Renal tubule, adenoma

Renal tubule, carcinoma

Urinary bladder

+ + + + + + + + + + + + + + + + + + + + + + + + + 50XX 2

X 1

+ + + + + + + + + + + + + + + + + + + + + + + + + 50

Systemic Lesions

Multiple organs

Lymphoma malignant lymphocytic

Lymphoma malignant mixed

+ + + + + + + + + + + + + + + + + + + + + + + + + 50

X 1

X 3
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Table C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.L Direct Blue 218: 3,000 ppm

5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 1 2 4 5 5 8 0 0 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

1 2 6 0 5 6 2 4 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Carcass ID Number 3 4 2 4 6 5 4 3 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4

1 4 9 9 5 6 2 8 1 2 3 4 5 6 7 8 0 2 3 4 5 6 7 9 0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + +
Gallbladder + + I A + + + + + + + + + + + + + M + + + + + + +
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + + + A A + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum + + + A A + + + + + + + + + + + + + + + + + + + +
Intestine small, duodenum A + + A A + + + + + + + + + + + + + + + + + + + +
Intestine small, jejunum + + + A + + + + + + + + + + + + + + + + + + + + +
Intestine small, ileum A + + A A + + + + + + + + + + + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangiosarcoma X
Hepatocellular carcinoma X X X X
Hepatocellular adenoma X X X X X
Hepatocellular adenoma, multiple X X X X X X

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + +
Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + +
Sarcoma X

Endocrine System
Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + +
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + +
Parathyroid gland I M + + + + + + M + + + + + + + + + + + + + + + +
Pituitary gland + + I + + + + + + + + + + + + + + + + + + + + + +
Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + +

General Body System
Tissue NOS +

Genital System
Epididymis + + + + + + + + + + + + + + + + + + + + + + + + +
Preputial gland + + + + + + + + + + +
Prostate + + + + + + + + + + + + + + + + + + + + + + + + +
Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + +
Testes + + + + + + + + + + + + + + + + + + + + + + + + +

Interstitial cell, adenoma



I^rslons in Male Mice 175

Tabi.e C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Carcass ID Number 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 Total

1 3 5 6 7 8 0 1 2 3 4 5 7 8 9 0 1 2 3 4 6 7 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Aiimentary System

Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Gallbladder + + + + + + + + M + + + + + + + + + + + + + + + + 46

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 47

Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 47

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50

Hemangiosarcoma 1

Hepatocellular carcinoma X X X X 8

Hepatocellular adenoma X X 7

Hepatocellular adenoma, multiple X X X X 10

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, forestomach + + + + + + + + + + + + + + •f + + + + + + + + + + 50

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + 50

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50

Sarcoma 1

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adenoma X 1

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + + 50

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50

Parathyroid gland + + + + + + + + + + + M + + M + + M M + M + + + + 42

Pituitary gland + M + + + + + + + + + + + + + + + + + + + + + + + 48

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

General Body System
Tissue NOS 1

Genital System

Epididymis + + + + + + + + + + + + + + + + + + + + + + + 4- + 50

Preputial gland + + + + + + + + + + + + 23

Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 50

Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + + 50

Testes + + + + + + + + + + + + + + + + + + + + + + + + 50

Interstitial cell, adenoma X 1



176 C.I. Direct Blue 218, NTP TR 430

Table C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218:

(continued)

3,000 ppm

5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 1 2 4 5 5 8 0 0 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

1 2 6 0 5 6 2 4 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Carcass ID Number 3 4 2 4 6 5 4 3 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4

1 4 9 9 5 6 2 8 1 2 3 4 5 6 7 8 0 2 3 4 5 6 7 9 0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + +
Alveolar/bronchiolar carcinoma,

metastatic, lung X
Bronchial, alveolar/bronchiolar

carcinoma, metastatic, lung X
Mediastinal, alveolar/bronchiolar

carcinoma, metastatic, lung X
Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + +
Spleen + + + + + + + + + + + + + + + + + + + + + + + + +
Thymus + + + + + M + + + M + + + + + + + + + + M + + + +

Integumentary System
Mammary gland 1 M 1 M M M M + M M M M M M M M M M M M M M M + M
Skin + + + + + + + + + + + + + + + + + + + + + + + + +
Subcutaneous tissue, hemangiosarcoma

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + +

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + +

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X X
Alveolar/bronchiolar carcinoma X
Hepatocellular carcinoma, metastatic.

liver X X
Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Eye +
Harderian gland + + +
Adenoma X X X

Zymbal’s gland + + + + + M + + + + + + + + + + + M + + M + M + M

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + +
Renal tubule, adenoma

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + +

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + +
Lymphoma malignant lymphocytic X
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Tabi.k C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Carcass ID Number 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 Total

1 3 5 6 7 8 0 1 2 3 4 5 7 8 9 0 1 2 3 4 6 7 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50

Lymph node 2

Alveolar/bronchiolar carcinoma.

metastatic, lung 1

Bronchial, alveolar/bronchiolar

carcinoma, metastatic, lung 1

Mediastinal, alveolar/bronchiolar

carcinoma, metastatic, lung 1

Lymph node, mandibular + + + + + + + + + + + + M + + + + + + + + + + + + 49

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + + 50

Spleen + + + + + + + + + + + + + + + + + + + + + + + + 50

Thymus + + + + + + + + + + + M + + + + + + + + + + + + 46

Integumentary System

Mammary gland

Skin

Subcutaneous tissue, hemangiosarcoma

Musculoskeletal System

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50

Respiratory System

Lung

Alveolar/bronchiolar adenoma

Alveolar/bronchiolar carcinoma

Hepatocellular carcinoma, metastatic,

liver

Nose

Trachea

Special Senses System

Eye + 2

Harderian gland + 4

Adenoma X 4

Zymbal’s gland + + + M+ + + + + + + + + + + + M+ M+ + + + + + 42

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50

Renal tubule, adenoma X ]

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50

Lymphoma malignant lymphocytic X 2

+ + + + + + + + + + + + + + + + + + + + + + + + + 50XX X XX 7

X 2

X 3

+ + + + + + + + + + + + + + + + + + + + + + + + + 50

+ + + + + + + + + + + + + + + + + + + + + + + + + 50

MMM+MMMMMMMMMMMMMMMMMMMMM 3

+ + + + + + + + + + + + + + + + + + + + + + + + + 50

X 1
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Table C2
Individual Animal Tumor Pathology of Male Mice in the 2>Year Feed Study of C.I. Direct Blue 218: 10,000 ppm

5 5 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 6 7 6 7 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

8 6 0 5 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

2 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2

Carcass ID Number 2 9 2 1 0 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 0 0

9 8 6 3 2 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 9 0 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + +
Gallbladder M + + + + + + + + + + + + M + + + + + + + + + + +
Intestine large, colon A + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + + A + + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum A + A + + + + + + + + + + + + + + + + + + + + + +
Intestine small, duodenum + A + + + + + + + + + + + + + + + + + + + + + + +
Intestine smalt, jejunum + A + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma

Intestine small, ileum A + A + + + + + + + + + + + + + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangioma
Hemangiosarcoma X
Hemangiosarcoma, metastatic, spleen X
Hepatoblastoma

Hepatocellular carcinoma X X X X X X X X X
Hepatocellular adenoma X X X X
Hepatocellular adenoma, multiple X X X X X X X X X X X X X X X X
Histiocytic sarcoma X

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + +
Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + +
Squamous cell papilloma

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + + +

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + +
Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + +
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + +
Parathyroid gland + + + + + + M M + M + + + + + + + + + + + + + + +
Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + +

Follicular cell, adenoma

General Body System
None

Genital System
Ductus deferens

Epididymis + + + + + + + + + + + + + + + + + + + + + + + + +
Preputial gland + + + + + + + +
Prostate + + + + + + + + + + + + + + + + + + + + + + + + +
Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + +
Testes + + + + + + + + + + + + + + + + + + + + + + + + +

Interstitial cell, adenoma X
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I ABI.K C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Carcass ID Number 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 3 Total

3 4 5 6 7 8 9 0 1 2 4 5 6 7 8 9 0 1 2 3 4 5 7 8 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Alimentary System

Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Gallbladder + + + + + + + + + + + + + + + + + + + + + + + M + 47

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Carcinoma X X X 3

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50

Hemangioma X 1

Hemangiosarcoma 1

Hemangiosarcoma, metastatic, spleen 1

Hepatoblastoma X 1

Hepatocellular carcinoma X X X X X X X X 17

Hepatocellular adenoma X X X X X 9

Hepatocellular adenoma, multiple X X X X X X X X X X X X X X X 31

Histiocytic sarcoma 1

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 50

Squamous cell papilloma X 1

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + + 50

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50

Parathyroid gland + + M + M + + + + + + + + M + + + + + + + + + + M 43

Pituitaty gland + + + + + + + + + + + + + + + + + M + + M + + + + 48

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50

Follicular cell, adenoma X X 2

General Body System

None

Genital System
Ductus deferens + 1

Epididymis + + + + + + + + + + + + + + + + + + + + + + + + 50

Preputial gland + + + + + + + + + + + + -f 21

Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 50

Seminal vesicle + + + + + + + + + + + + + + + + + + + + + + + + + 50

Testes + + + + + + + + + + + + + + + + + + + + + + + + + 50

Interstitial cell, adenoma 1
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Table C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(continued)

5566777777777777777777777
Number of Days on Study 67671333333333333333333338605677777777777777777777

2122211111111111111111122
Carcass ID Number 29210888888888999999999009863212345678901234567901

1111111111111111111111111
Hematopoietic System

Bone marrow + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4-

Lymph node +
Lymph node, mandibular M M + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-

Lymph node, mesenteric + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-

Spleen + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-

Hemangiosarcoma X
Histiocytic sarcoma X

Thymus + + M + + + + 4- 4- 4- 4- 4- 4- 4- M 4- M 4- 4- 4- 4- 4- M 4- 4-

Integumentary System
Mammary gland M M M I M M M M M M M M M M M M M 4- M 4- M M 4- M M
Skin + + + + + + + 4- 4- 4- 4- + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-

Subcutaneous tissue, hemangioma

Musculoskeletal System
Bone + + + + + + + 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-

Nervous System
Brain + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-

Respiratory System

Lung + + + + + + + 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4-

Alveolar/bronchiolar adenoma X X X
Alveolar/bronchiolar adenoma.

multiple

Alveolar/bronchiolar carcinoma

Hepatocellular carcinoma, metastatic.

liver X
Nose + + + + + + + + 4- 4- + + 4- 4- + 4- 4 4- 4- + 4- 4- 4- 4- 4-

Trachea + + + + + + 4- 4- + 4- + + 4- 4- 4- 4- 4- + 4- + 4- 4- 4- 4- 4-

Special Senses System

Zymbal’s gland + M + + + + 4- 4- + M + M 4- 4- 4- 4- M M 4- + 4- 4- 4- 4- 4-

Urinary System
Kidney

Renal tubule, adenoma

Urinary bladder

Systemic Lesions

Multiple organs

Histiocytic sarcoma

Lymphoma malignant lymphocytic

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +
X
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l ABI.K C2
Iiidivldiiul Animal Tumor Pathology of Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Carcass ID Number 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 3 Total

3 4 5 6 7 8 9 0 1 2 4 5 6 7 8 9 0 1 2 3 4 5 7 8 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Hematopoietic System

Bone marrow + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Lymph node + 4- 3

Lymph node, mandibular + 4- + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 48

Lymph node, mesenteric + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Spleen + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Memangiosarcoma 1

Histiocytic sarcoma 1

Thymus + + + + + M + 4- M 4- 4- 4- M 4- 4- 4- 4- M 4- 4- 4- 4- 4- 4- 4- 42

Integumentary System

Mammary gland M M M M M M + M M M M M M M M M M M M M M M M M M 4

Skin + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 50

Subcutaneous tissue, hemangioma X 1

Musculoskeletal System

Bone + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 50

Nervous System
Brain + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 50

Respiratory System

Lung + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Alveolar/bronchiolar adenoma 3

Alveolar/bronchiolar adenoma.

multiple X 1

Alveolar/bronchiolar carcinoma X 1

Hepatocellular carcinoma, metastatic.

liver X X 3

Nose + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Trachea + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Special Senses System

Zymbal’s gland + M M M + + M 4- 4- 4- 4- 4- 4- M 4- 4- 4- 4- 4- 4- M M M 4- 4- 37

Urinary System
Kidney + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Renal tubule, adenoma X 1

Urinary bladder + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Systemic Lesions

Multiple organs + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 50

Histiocytic sarcoma 1

Lymphoma malignant lymphocytic X X 2
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Table C3
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Adrenal Cortex: Adenoma
Overall rates® 0/50 (0%) 3/50 (6%) 1/50 (2%) 0/50 (0%)
Adjusted rates*’ 0.0% 6.5% 2.4% 0.0%

Terminal rates'’ 0/44 (0%) 3/46 (7%) 1/42 (2%) 0/45 (0%)
First incidence (days)

e
737 (T) 737 (T) -

Life table tests'* P=0.280N P=0.129 P =0.491 -

Logistic regression tests'* P=0.280N P=0.129 IIo -

Cochran-Armitage test**

Fisher exact test**

P=0.280N
IIp P=0.500 -

Ilarderian Gland: Adenoma
Overall rates 3/50 (6%) 4/50 (8%) 4/50 (8%) 0/50 (0%)
Adjusted rates 6.6% 8.7% 9.2% 0.0%

Terminal rates 2/44 (5%) 4/46 (9%) 3/42 (7%) 0/45 (0%)
First incidence (days) 613 Til (T) 686 -

Life table tests P=0.067N P=0.524 P= 0.487 P=0.119N

Logistic regression tests P=0.065N P=0.504 P=0.497 P=0.127N
Cochran-Armitage test

Fisher exact test

P=0.066N

P=0.500 P=0.500 P=0.121N

Kidney (Renal Tubule): Adenoma or Carcinoma
Overall rates 0/50 (0%) 3/50 (6%) 1/50 (2%) 1/50 (2%)
Adjusted rates 0.0% 6.5% 2.4% 2.2%
Terminal rates 0/44 (0%) 3/46 (7%) 1/42 (2%) 1/45 (2%)
First incidence (days) - 737 (T) 737 (T) 737 (T)

Life table tests P=0.588N P=0.129 P=0.491 P=0.504

Logistic regression tests P=0.588N IIp N) P= 0.491 P=0.504
Cochran-Armitage test

Fisher exact test

P=0.592N

P=0.121 P=0.500 P=0.500

Liver: Hepatocellular Adenoma
Overall rates 16/50 (32%) 19/50 (38%) 17/50 (34%) 40/50 (80%)
Adjusted rates 34.7% 40.4% 38.6% 81.6%

Terminal rates 14/44 (32%) 18/46 (39%) 15/42 (36%) 36/45 (80%)
First incidence (days) 519 689 686 576

Life table tests P< 0.001 P=0.401 P=0.447 P< 0.001

Logistic regression tests P< 0.001 P=0.371 P=0.526 P<0.001

Cochran-Armitage test

Fisher exact test

P< 0.001

P=0.338 P=0.500 P< 0.001

Liver: Hepatocellular Carcinoma

Overall rates 7/50 (14%) 3/50 (6%) 8/50 (16%) 17/50 (34%)
Adjusted rates 15.9% 6.5% 17.1% 36.0%

Terminal rates 7/44 (16%) 3/46 (7%) 4/42 (10%) 15/45 (33%)
First incidence (days) 737 (T) 737 (T) 622 568

Life table tests P<0.001 P=0.141N P=0.479 P=0.022

Logistic regression tests P< 0.001 P=0.141N P=0.506 P=0.019

Cochran-Armitage test

Fisher exact test

P< 0.001

P=0.159N P= 0.500 P=0.017
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1 AlU.K C3
Siaiistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Liver: Hepatocellular Adenoma or Carcinoma

Overall rates 21/50 (42%) 20/50 (40%) 23/50 (46%) 45/50 (90%)
Adjusted rales 45.5% 42.6% 48.8% 90.0%

Terminal rales 19/44 (43%) 19/46 (41%) 18/42 (43%) 40/45 (89%)
l-irst incidence (days) 519 689 622 568

Life table tests P<0.001 P=0.428N P= 0.369 P<0.001

Logistic regression tests P<0.001 P=0.451N P= 0.446 P<0.001

Cochran-Armitage test

Fisher exact test

P<0.001

P=0.500N P= 0.420 P<0.001

Lung: Alveolar/bronchiolar Adenoma
Overall rates 13/50 (26%) 9/50 (18%) 7/50 (14%) 4/50 (8%)
Adjusted rates 28.2% 19.6% 16.7% 8.9%
Terminal rates 11/44 (25%) 9/46 (20%) 7/42 (17%) 4/45 (9%)
First incidence (days) 613 737 (T) 737 (T) 737 (T)

Life table tests P=0.020N P=0.204N P=0.128N P=0.016N
Logistic regression tests P=0.018N P=0.208N P=0.096N P=0.014N
Cochran-Armitage test

Fisher exact test

P=0.020N

P=0.235N P=0.105N P=0.016N

Lunf>: Alveolar/bronchiolar Carcinoma
Overall rates 1/50 (2%) 3/50 (6%) 2/50 (4%) 1/50 (2%)
Adjusted rales 2.3% 6.5% 4.7% 2.2%
Terminal rates 1/44 (2%) 3/46 (7%) 1/42 (2%) 1/45 (2%)
First incidence (days) 737 (T) 737 (T) 704 737 (T)

Life table tests P=0.418N P= 0.321 P=0.487 P=0.757N
Logistic regression tests P=0.414N P=0.321 P=0.506 P=0.757N
Cochran-Armitage test

Fisher exact test

P=0.422N

P= 0.309 P=0.500 P=0.753N

Lung: Alveolar/bronchiolar Adenoma or Carcinoma
Overall rales 14/50 (28%) 12/50 (24%) 9/50 (18%) 5/50 (10%)
Adjusted rates 30.4% 26.1% 20.9% 11.1%
Terminal rates 12/44 (27%) 12/46 (26%) 8/42 (19%) 5/45 (11%)
First incidence (days) 613 737 (T) 704 737 (T)
Life table tests P=0.016N P=0.362N P=0.205N P=0.020N
Logistic regression tests P=0.014N P=0.369N P=0.157N P=0.017N
Cochran-Armitage test

Fisher exact test

P=0.016N

P=0.410N P=0.171N P=0.020N

Small Intestine (jejunum): Carcinoma
Overall rates 1/50 (2%) 0/50 (0%) 0/50 (0%) 3/50 (6%)
Adjusted rates 2.3% 0.0% 0.0% 6.7%
Terminal rates 1/44 (2%) 0/46 (0%) 0/42 (0%) 3/45 (7%)
First incidence (days) 737 (T) - - 737 (T)
Life table tests P=0.055 P=0.491N P=0.509N P =0.31

4

Logistic regression tests P=0.055 P = 0.491N P=0.509N P=0.314
Cochran-Armitage test

Fisher exact test

P=0.053

P=0.500N P=0.500N P =0.309
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Table C3
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

All Organs: Hemangioma or Ilemangiosarcoma .

Overall rates 1/50 (2%) 2/50 (4%) 2/50 (4%) 4/50 (8%)
1

Adjusted rates 2.3% 4.2% 4.4% 8.4%
,

Terminal rates 1/44 (2%) 1/46 (2%) 1/42 (2%) 2/45 (4%)
'

First incidence (days) 737 (T) 659 646 660

Life table tests P=0.138 P=0.515 P= 0.494 P=0.193

Logistic regression tests P=0.111 P= 0.494 P =0.494 IIp o

Cochran-Armitage test

Fisher exact test

P=0.128

P=0.500 P=0.500 IIp 00

All Organs: Malignant Lymphoma (Lymphocytic

Overall rates

or Mixed)

2/50 (4%) 4/50 (8%) 2/50 (4%) 2/50 (4%)
Adjusted rates 4.4% 8.4% 4.8% 4.4%.

Terminal rates 1/44 (2%) 3/46 (7%) 2/42 (5%) 2/45 (4%)
'

First incidence (days) 676 455 737 (T) 737 (T)

Life table tests p=0.446N P= 0.360 P =0.681 P=0.685N

Logistic regression tests P=0.478N P= 0.285 P=0.690N P=0.691N

Cochran-Armitage test

Fisher exact test

P=0.450N

P= 0.339 P=0.691N P=0.691N

All Organs: Malignant Lymphoma and Histiocytic Sarcoma
Overall rates 3/50 (6%) 4/50 (8%) 2/50 (4%) 3/50 (6%) i

Adjusted rates 6.7% 8.4% 4.8%. 6.7% i

Terminal rates 2/44 (5%) 3/46 (7%) 2/42 (5%) 3/45 (7%)
First incidence (days) 676 455 737 (T) 737 (T)

Life table tests P=0.539N P=0.523 P=0.517N P=0.651N 1

Logistic regression tests P=0.567N P=0.455 P=0.492N P=0.651N
Cochran-Armitage test

Fisher exact test

P=0.546N

P=0.500 P=0.500N P=0.661N

All Organs: Benign Neoplasms !

Overall rates 25/50 (50%) 31/50 (62%) 21/50 (42%) 42/50 (84%)
1

Adjusted rates 53.1% 66.0% 47.7%. 85.7% 1

Terminal rates 22/44 (50%) 30/46 (65%) 19/42 (45%) 38/45 (84%)
1

First incidence (days) 519 689 686 576

Life table tests P< 0.001 P=0.231 p=0.344N P= 0.002

Logistic regression tests P< 0.001 P= 0.202 P=0.240N P< 0.001
j

Cochran-Armitage test

Fisher exact test

P<0.001

P=0.157 P=0.274N P<0.001

All Organs: Malignant Neoplasms ,

Overall rates 14/50 (28%) 15/50 (30%) 12/50 (24%) 24/50 (48%)
Adjusted rates 31.1% 30.0% 25.4% 48.9%

Terminal rates 13/44 (30%) 11/46 (24%) 7/42 (17%) 20/45 (44%)
First incidence (days) 676 455 622 568

Life table tests P=0.018 P=0.555 P=0.450N P =0.047

Logistic regression tests P=0.009 P=0.504 P=0.392N P= 0.036

Cochran-Armitage test

Fisher exact test

P=0.010

P= 0.500 P=0.410N P =0.032
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I aHI.K C3
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

All Orj’ans: Beni(>n or Malignant Neoplasms

Overall rates 31/50 (62%) 37/50 (74%) 28/50 (56%) 46/50 (92%)

Adjusted rales 65.9% 74.0% 59.5% 92.0%

Terminal rales 28/44 (64%) 33/46 (72%) 23/42 (55%) 41/45 (91%)

First incidence (days) 519 455 622 568

Life table tests P =0.003 P=0.251 p=0.434N P=0.004

Logistic regression tests P<0.001 P=0.173 P=0.295N P<0.001

Cochran-Armitage test

Fisher exact test

P<0.001

P=0.142 P=0.342N P<0.001

(T)Tcrminal sacrifice

^ Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal gland,

bone marrow, brain, epididymis, gallbladder, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland,

prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.
^ Kaplan-Mcicr estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
'' Observed incidence at terminal kill

** Beneath the control incidence are the P values associated with the trend test. Beneath the exposed group incidence are the P values corresponding

to pairwise comparisons between the controls and that exposed group. The life table analysis regards neoplasms in animals dying prior to terminal

kill as being (directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and
Fisher exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in an exposure group is indicated

by N.

Not applicable; no neoplasms in animal group
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Table C4a
Historical Incidence of Hepatocellular Neoplasms in Untreated Male B6C3F, Mice^

Incidence in Controls

Study Adenoma Carcinoma Adenoma or

Carcinoma

Historical Incidence at Microbiological Associates, Inc.

C.I. Direct Blue 218

(i/ -Amphetamine Sulfate

16/50 7/50 21/50

10/50 4/50 14/50

Overall Historical Incidence

Total

Standard deviation

Range

312/1.366 (22.8%)

13.8%

4%-60%

223/1,366 (16.3%)

7.2%

3%-29%

485/1,366 (35.5%)

14.3%

10%-68%

^ Data as of 20 August 1992

Table C4b
Historical Incidence of Renal Tubule Neoplasms In Untreated Male B6C3F, Mice^

Incidence in Controls

Study Adenoma Carcinoma Adenoma or

Carcinoma

Historical Incidence at Microbiological Associates, Inc.

C.I. Direct Blue 218

dl -Amphetamine Sulfate

0/50 0/50 0/50

0/50 0/50 0/50

Overall Historical Incidence

Total

Standard deviation

Range

3/1.366 (0.2%)

0.6%

0%-2%

1/1,366 (0.1%)

0.4%

0%-2%

4/1,366 (0.3%)

0.7%

0%-2%

Data as of 20 August 1992
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I'aiu.k C4c

llistoricul Incidence of Smull Intestine Neoplasms in Untreated Male B6C3F( Mice^

Incidence in Controls

Study Adenoma or

Adenomatous Polyp

Carcinoma Adenoma,

Adenomatous Polyp,

or Carinoma

Historical Incidence at Microbiological Associates, Inc.

C.I. Direct Blue 218 1/50 0/50 1/50

d/ -Amphetamine Sulfate 0/50 0/50 0/50

Overall Historical Incidence

Total 5/1,374 (0.4%) 7/1,374 (0.5%) 12/1,374 (0.9%)
Standard deviation 1.0% 1.0% 1.0%

Range 0%-4% 0%-4% 0%-4%

Data as of 20 August 1992
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Table C5
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218®

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Disposition Summary
Animals initially in study 60 60 60 60

15-Month interim evaluation

Early deaths

9 10 10 10

Accidental deaths 1

Moribund 2 2 3 1

Natural deaths 3 2 5 4

Survivors

Terminal sacrifice 44 46 42 45

Missing 1

Animals examined microscopically 59 60 60 60

15-Monlh Interim Evaluation

Alimentary System

Liver (9) (10) (10) (10)

Basophilic focus 1 (10%) 3 (30%)
Eosinophilic focus

Mixed cell focus 1 (10%)

2 (20%)

Vacuolization, cytoplasmic 3 (33%) 2 (20%) 1 (10%)
Salivary gland (9) (10)

Infiltration cellular, lymphocyte 1 (11%) 1 (10%)

Cardiovascular System

None

Endocrine System

Adrenal gland, cortex (9) (10)

Cytologic alteration 1 (11%)

Cystic, degeneration

Hypertrophy

1 (11%)

1 (10%)
Thyroid (9) (10)

Cyst 1 (11%)
Parathyroid (8) (7)

Cyst 1 (14%)

General Body System

None

Genital System

Preputial gland (9) (4) (10) (10)

Duct, dilatation 2 (22%)
Testes (9) (10)

Bilateral, seminiferous tubule, atrophy 1 (10%)
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I AHI.K C5
Siimmury of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218

(coniinucd)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

IS-Month Interim Evaluation (continued)

Hematopoietic System

lymph node, mesenteric

1 lemmorrhage

ITiymus

Hyperplasia, epithelial cell

(9)

(9)

1 (11%)

(1)

1 (100%)

(8)

(10)

Integumentary System

None

Musculoskeletal System

None

Ner\ous System

Krain

Mineralization

(9)

5 (56%)

(10)

7 (70%)

Respiratory System

Lung (9) (3) (2) (10)

Alveolar epithelium, hyperplasia 1 (11%) 1 (10%.)

Special Senses System

None

Urinary System

Kidney

Renal tubule, regeneration

Urinary bladder

Infiltration cellular, lymphocyte

(9)

4 (44%)

(9)

(10)

3 (30%)

(10)

1 (10%)

2-Year Study

Alimentary System

Gallbladder (45) (47) (46) (47)

Hyperplasia

Inflammation, acute

Intestine large, colon (48) (50) (50)

1 (2%)

2 (4%)

(49)

Diverticulum

Intestine large, cecum (48)

1 (2%)

(49) (48) (48)

Hyperplasia, lymphoid

Intestine small, duodenum (48)

1 (2%)

(48) (47) (49)

Hyperplasia, lymphoid

Inflammation, acute, focal

1 (2%)

1 C-'')
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Table C5
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218
(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Alimentary System (continued)

Intestine small, jejunum (49) (49) (49) (49)

Hyperplasia, lymphoid 1 (2%)
Liver (50) (50) (50) (50)

Angiectasis, focal 1 (2%) 1 (2%)
Basophilic focus 7 (14%) 5 (10%) 4 (8%) 9 (18%)
Clear cell focus 8 (16%) 5 (10%) 5 (10%) 4 (8%)
Cytomegaly, focal 1 (2%)
Developmental malformation 1 (2%)
Eosinophilic focus 13 (26%) 12 (24%) 10 (20%) 28 (56%)

Fatty change, focal 1 (2%) 3 (6%) 4 (8%)
Hematopoietic cell proliferation 1 (2%)
Infarct, chronic 1 (2%)
Inflammation, chronic, focal 1 (2%) 1 (2%)
Leukocytosis 1 (2%) 1 (2%)
Mixed cell focus 3 (6%) 5 (10%) 2 (4%) 1 (2%)
Necrosis, focal 4 (8%) 3(6%)

Mesentery (3) (1)

Fat, necrosis, focal 3 (100%)
Pancreas (49) (50) (50) (50)

Cyst 1 (2%)
Acinar cell, atrophy 1 (2%) 1 (2%)

Stomach, forestomach (50) (50) (50) (50)

Hyperplasia, focal 1 (2%) 3 (6%) 1 (2%)
Inflammation, chronic active, focal 1 (2%)
Ulcer, focal 1 (2%) 1 (2%) 1 (2%)

Stomach, glandular (50) (50) (50) (50)

Hyperplasia, focal 1 (2%)

Cardiovascular System

Heart (50) (50) (50) (50)

Cardiomyopathy

Inflammation, acute, focal

Inflammation, chronic active, focal

1 (2%)

1 (2%)

1 (2%)

Endocrine System

Adrenal cortex (50) (50) (50) (50)

Accessory adrenal cortical nodule

Atrophy

1 (2%)

1 (2%)
Hemorrhage, focal 1 (2%)
Hyperplasia, focal 1 (2%) 2 (4%) 2 (4%) 3 (6%)
Hypertrophy, focal 1 (2%) 1 (2%) 3 (6%) 4 (8%)

Adrenal medulla (50) (50) (50) (50)

Hyperplasia, focal 1 (2%) 1 (2%)
Islets, pancreatic (49) (50) (50) (50)

Hyperplasia, focal 1 (2%) 1 (2%)
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TaBI.K C5
Summary of the Incidence of Nonneoplastic lesions in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218

(continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

llndocrine System (continued)

Parathyroid gland (41) (43) (42) (43)

Cyst 1 (2%)
Inflammation, chronic, focal 1 (2%)

Pituitary gland (49) (48) (48) (48)

Pars distalis, cyst 1 (2%) 2 (4%)

Pars distalis, hyperplasia, focal 2 (4%)
Pars nervosa, cyst 1 (2%)

Thyroid gland (50) (50) (50) (50)

Follicle, dilatation, focal 1 (2%) 1 (2%)
Follicular cell, hyperplasia, focal 3 (6%) 1 (2%) 5 (10%)
Follicular cell, hypertrophy, focal 1 (2%)

General Body System

None

Genital System

Epididymis (50) (50) (50) (50)

Granuloma sperm 2 (4%) 2 (4%)
Inflammation, chronic, focal 1 (2%) 2 (4%)

Preputial gland (29) (23) (23) (21)

Inflammation, chronic active 2 (7%) 2 (9%) 1 (5%)
Duct, dilatation 27 (93%) 23 (100%) 22 (96%) 21 (100%)

Prostate (50) (49) (50) (50)

Dilatation 1 (2%)
Hyperplasia, focal 2 (4%) 4 (8%) 6 (12%) 2 (4%)

Seminal vesicle (50) (50) (50) (50)

Dilatation 2 (4%) 1 (2%) 1 (2%)
Inflammation, acute 1 (2%)

Testes (50) (50) (50) (50)

Angiectasis, focal 1 (2%)
Atrophy 1 (2%)
Atrophy, focal 1 (2%)
Degeneration, focal 1 (2%) 1 (2%)
Seminiferous tubule, degeneration, focal 1 (2%)

Hematopoietic System

Bone marrow (50) (50) (50) (50)

Angiectasis, focal 1 (2%) 1 (2%)
Hyperplasia 1 (2%) 1 (2%)

Lymph node (4) (1) (2) (3)

Hyperplasia, lymphoid

Bronchial, hyperplasia, lymphoid 1 (25%)

1 (50%)

Mediastinal, congestion

Renal, hyperplasia, lymphoid 1 (25%)

1 (3-^
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Table C5
Summary of the Incidence of Nonneoplastic lesions in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218 |i

(continued) :

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Hematopoietic System (continued)

Lymph node, mandibular (46) (49) (49) (48)

Cyst 1 (27c) 1 (2%)
Hemorrhage 1 (27c)

Hyj>erplasia, lymphoid 4 (9%) 4 (87c) 4 (87c) 1 (2%)
Hyperplasia, plasma cell 1 (27c) 1 (27c)

Infiltration cellular, histiocyte 1 (2%)
Lymph node, mesenteric (48) (49) (50) (50)

Hemorrhage 3 (6%) 3 (67c) 2(4%)
Hyperplasia, lymphoid 2 (4%) 4 (87c) 1 (2%)
Hyperplasia, plasma cell 1 (2%)
Necrosis 1 (2%)

Spleen (49) (50) (50) (50)

Developmental malformation 1 (27c)

Hematopoietic cell proliferation 3 (6%) 3 (67c) 3 (6%) 4 (8%)
Hyperplasia, lymphoid 2 (47c) 4 (8%) 2 (4%)
Lymphocyte, necrosis, focal 1 (2%)

Thymus (49) (45) (46) (42)

Cyst 2 (4%) 2 (47c) 3 (77c) 2(5%)
Necrosis 1 (27c)

Integumentary System

Skin (50) (50) (50) (50)

Inflammation, chronic active, focal

Subcutaneous tissue, abscess

1 (2%) 3 (6%)

1 (27c)

Musculoskeletal System

None

Nervous System

Brain (50) (50) (50) (50)

Hemorrhage, focal 1 (2%) 1 (2%)
Mineralization, focal 36 (72%) 42 (84%) 43 (86%) 43 (86%)

Respiratory System

Lung (50) (50) (50) (50)

Hemorrhage, focal

Infiltration cellular, focal, histiocyte 2 (4%) 1 (2%)

1 (2%)

Leukocytosis 1 (2%) 1 (2%)
Alveolar epithelium, hyperplasia, focal 5 (10%) 2 (4%) 3 (6%) 2(4%)
Interstitium, inflammation, focal 4 (8%) 1 (2%) 3 (6%) 2 (4%)

Nose (50) (50) (50) (50)

Congestion 1 (2%) 1 (2%)
Inflammation, acute, focal 3 (6%) 1 (27c)

•

\

1

1
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1 Alu i; C5

Sjimnian of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218

iLxniinucJ)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Yiar Study (continued)

Special Senses System

1-^ir

Middle ear, inllammation, chronic active,

focal

lAC

(2)

1 (50%)

(1) (2) (2)

Cornea, inflammation, chronic

Ix’ns, cataract

/.ymbal’s gland (39)

1 (50%)

1 (50%)

(34)

1 (50%)

(42) (37)

Inflammation, chronic active

Duct, dilatation

1 (2%)

1 (2%) 1 (3%)

Urinary System

Kidney (50) (50) (50) (50)

Infarct, chronic, focal 2 (4%)
Metaplasia, focal, osseous 1 (2%)
Mineralization, focal 1 (2%)
Nephropathy 25 (50%) 20 (40%) 30 (60%) 19 (38%)
Renal tubule, dilatation, focal 1 (2%) 1 (2%) 3 (6%) 2 (4%)

Urinary bladder (50) (50) (50) (50)

Dilatation 1 (2%) 1 (2%)
Metaplasia, focal, osseous

1 (2%)
Transitional epithelium, hyperplasia, focal 1 (2%)

Number of animals examined microscopically at site and number of animals with lesion
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APPENDIX D
SUMMARY OF LESIONS IN FEMALE MICE

IN THE 2-YEAR FEED STUDY
OF C.I. DIRECT BLUE 218

Table 1)1 Summary of the Incidence of Neoplasms in Female Mice

in the 2-Year Feed Study of C.I. Direct Blue 218 197

Tabi.k 1)2 Individual Animal Tumor Pathology of Female Mice

in the 2-Year Feed Study of C.I. Direct Blue 218 202

Table D3 Statistical Analysis of Primary Neoplasms in Female Mice

in the 2-Year Feed Study of C.I. Direct Blue 218 220

Tabi.e D4a Historical Incidence of Hepatocellular Neoplasms

in Untreated Female B6C3F, Mice 224

Table D4b Historical Incidence of Small Intestine Neoplasms

in Untreated Female B6C3Fi Mice 224

Table D5 Summary of the Incidence of Nonneoplastic lesions in Female Mice

in the 2-Year Feed Study of C.I. Direct Blue 218 225
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I ahi.k I)

I

Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218®

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Disposition Summary
Animals initially in study 60

IS-Moruh interim evaluation 10

(•'arly deaths

Accidental deaths

Moribund 8

Natural deaths 4

Survivors

Terminal sacrifice 37

Missing 1

Animals examined microscopically 59

60 60 60

10 10 10

1

8 1 5

2 2 5

40 46 38

1 1

60 59 59

IS-Monlh Interim Evaluation

Alimentary System

Uver

I lepatocellular adenoma

1 lepatocellular carcinoma

(10) (10)

1 (10%)

(10)

1 (10%)

(10)

1 (10%)

1 (10%)

Cardiovascular System

None

Endocrine System

Adrenal medulla

Phcochromocytoma
(10)

1 (10%)

(10)

General Body System

None

Genital System

None

Hematopoietic System

None

Integumentary System
None

Musculoskeletal System

None

Nervous System

None
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Table D1
Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

15-Month Interim Evaluation (continued)

Respiratory System

Lung (10) (1) (10)

Alveolar/bronchiolar adenoma 1 (10%)

Special Senses System

None

Urinary System

None

Systemic Lesions

None

2-Year Study

Alimentary System
Gallbladder (47)

Intestine large, cecum (47)

Intestine small, duodenum (46)

Hepatocholangiocarcinoma, metastatic, liver

Intestine small, jejunum (47)

Carcinoma

Intestine small, ileum (48)

Carcinoma

Liver (49)

Hemangioma 1 (2%)
Hemangiosarcoma 1 (2%)
Hemangiosareoma, metastatic, skin

Hepatoblastoma

Hepatocellular carcinoma 5 (10%)
Hepatocellular adenoma 6(12%)
Hepatocellular adenoma, multiple 1 (2%)
Hepatocholangiocarcinoma

Histiocytic sarcoma

Osteosarcoma, metastatic, bone

Osteosarcoma, metastatic, nose

Sarcoma stromal, metastatic, uterus 1 (2%)
Mesentery (6)

Hepatocholangiocarcinoma, metastatic, liver

Histiocytic sarcoma

Pancreas (49)

Hepatocholangiocarcinoma, metastatic, liver

Salivary glands (49)

Stomach, forestomach (49)

Hepatocholangiocarcinoma, metastatic, liver

Squamous cell papilloma

Stomach, glandular (49)

Hepatocholangiocarcinoma, metastatic, liver

(45) (46) (42)

(50) (48) (45)

(50) (48) (46)

1 (2%)

(49) (48) (45)

(50)

1 (2%)

(48) (45)

(50) (49)

1 (2%)

(49)

3 (6%) 1 (2%)

1 (2%)

5 (10%) 6 (12%)

1 (2%)

12 (24%)

8 (16%) 9 (18%) 6 (12%)

4 (8%) 8 (16%) 35 (71%)

1 (2%)

1 (2%)

1 (2%)

(5)

1 (2%)

(3) (5)

1 (20%)

1 (20%)

(50) (48) (49)

1 (2%)

(50) (49) (48)

(50) (48) (49)

1 (2%)

(50) (48)

1 (2%)

(49)

1 (2%)
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I aui.k I)

I

Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Cardiovascular System

1 Icart (49) (50) (49) (49)

llisiiocylic sarcoma 1 (2%)

Kndocrine System

Adrenal cortex (49) (49) (48) (48)

Adenoma 1 (2%)

Adrenal medulla (49) (49) (48) (47)

Pheochromocytoma benign 1 (2%) 2 (4%)

Pituitary gland (48) (50) (49) (45)

Pars distalis, adenoma 2 (4%) 6 (12%) 2 (4%)

ITiyroid gland (49) (50) (49) (49)

Follicular cell, adenoma 1 (2%) 1 (2%)
Follicular cell, carcinoma 1 (2%)

General Body System

Tissue NOS
Carcinoma, metastatic, thyroid gland

Sarcoma, metastatic, skeletal muscle

(1) (2)

1 (50%)

(1)

1 (100%)

Genital System

Ovary (47) (50) (48) (49)

Choriocarcinoma 1 (2%)
Cystadenoma 2 (4%) 1 (2%) 1 (2%)
Granulosa cell tumor benign 1 (2%) 2 (4%)
Hemangioma 1 (2%) 1 (2%)
Teratoma benign 1 (2%) 1 (2%) 1 (2%)
Thecoma benign 1 (2%)

Uterus (49) (50) (49) (49)

Deciduoma benign 1 (2%)
Hemangioma 1 (2%)
Hemangiosarcoma 1 (2%)
Hemangiosarcoma, metastatic, bone marrow 1 (2%)
Histiocytic sarcoma 1 (2%)
Leiomyoma 1 (2%) 1 (2%)
Polyp stromal 1 (2%) 1 (2%)
Sarcoma stromal 1 (2%) 1 (2%) 1 (2%)

Hematopoietic System

Bone marrow (49) (50) (49) (49)

Vertebral, hemangiosarcoma 1 (2%)
Lymph node (9) (10) (8) (7)

Bronchial, hepatocellular carcinoma,

metastatic, liver 1 (10%)
Bronchial, osteosarcoma, metastatic, bone 1 (10%)
Iliac, sarcoma stromal, metastatic, uterus 1

(
11 %)
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Table D1
Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Hematopoietic System (continued)

Lymph node (continued)

Lumbar, hepatocholangiocarcinoma, metastatic,

liver 1 (10%)
Mediastinal, hepatocholangiocarcinoma,

metastatic, liver

Renal, hepatocholangiocarcinoma, metastatic.

1 (10%)

liver 1 (10%)

Lymph node, mandibular (49) (48) (48) (47)

Lymph node, mesenteric (46) (48) (47) (46)

Hepatocholangiocarcinoma, metastatic, liver 1 (2%)
Spleen (48) (50) (49) (49)

Hemangiosarcoma 1 (2%)
Thymus (46) (48) (48) (46)

Integumentary System

Mammary gland (49) (49) (49) (48)

Adenoma 1 (2%)
Skin (49) (50) (49) (49)

Squamous cell carcinoma

Subcutaneous tissue, hemangiosarcoma

Subcutaneous tissue, sarcoma

2 (4%)

1 (2%)

1 (2%)

Subcutaneous tissue, schwannoma malignant 1 (2%) 1 (2%)

Musculoskeletal System

Bone (49) (50) (49) (49)

Dorsal, osteosarcoma 1 (2%)
Vertebra, hemangiosarcoma, extension 1 (2%)

Skeletal muscle (3) (1)

Back, hemangiosarcoma, extension

Back, sarcoma

Diaphragm, hepatocholangiocarcinoma.

1 (33%)

1 (100%)

metastatic, liver 1 (33%)

Nervous System

None

Respiratory System

Lung (49) (50) (49) (49)

Alveolar/bronchiolar adenoma 5 (10%) 5 (10%) 4 (8%) 1 (2%)
Alveolar/bronchiolar adenoma, multiple 2 (4%)
Hepatocellular carcinoma, metastatic, liver 1 (2%) 1 (2%) 2 (4%) 1 (2%)
Hepatocholangiocarcinoma, metastatic, liver 1 (2%)
Histiocytic sarcoma 1 (2%)
Osteosarcoma, metastatic, bone

Osteosarcoma, metastatic, nose

Sarcoma stromal, metastatic, uterus 1 (2%)

1 (2%)

1 (2%)
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lAHl.K 1)1

Siimmury of the Incidence of Neoplasms in Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Respiratory System (continued)

Nose (49) (50) (49) (49)

Osteosarcoma

Trachea (49) (50)

1 (2%)

(49) (49)

Special Senses System

llardcnan gland

Adenoma
(3)

3 (100%)

(2)

2 (100%)

Urinary System

Kidney

llilalcral, osteosarcoma, metastatic, bone

Urinary bladder

Histiocytic sarcoma

(49)

(48)

(50)

1 (2%)

(50)

1 (2%)

(49)

(48)

(49)

(49)

Systemic Lesions

Multiple organs^ (49) (50) (49) (49)

Histiocytic sarcoma 1 (2%)
Lymphoma malignant histiocytic 1 (2%) 2 (4%) 1 (2%)
Lymphoma malignant lymphocytic 4 (8%) 7 (14%) 5 (10%) 2 (4%)
Lymphoma malignant mixed 1 (2%) 2 (4%) 2 (4%) 2 (4%)
Lymphoma malignant undifferentiated cell 1 (2%) 1 (2%)

Neoplasm Summary
Total animals with primary neoplasms'^ 29 35 34 46

Total primary neoplasms 37 59 52 78

Total animals with benign neoplasms 20 21 26 42

Total benign neoplasms 23 29 33 53

Total animals with malignant neoplasms 14 24 17 24

Total malignant neoplasms 14 30 19 25

Total animals with metastatic neoplasms 2 6 3 2

Total metastatic neoplasms 4 20 4 2

* Number of animals examined microscopically at site and number of animals with neoplasm
^ Number of animals with any tissue examined microscopically
‘ Primary neoplasms; all neoplasms except metastatic neoplasms
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Table D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm

0 1 3 4 5 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 8 8 6 5 1 8 1 1 2 4 8 0 2 4 4 4 4 4 4 4 4 4 4 4 4

8 4 8 6 8 0 3 7 7 4 8 1 8 4 4 4 4 4 4 4 4 4 4 4 4

2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Carcass ID Number 5 5 6 0 4 5 8 7 8 7 7 7 6 4 4 4 4 4 4 4 4 5 5 5 5

6 9 4 0 1 4 7 5 5 7 0 9 3 2 3 4 5 6 7 8 9 0 1 2 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + +
Gallbladder + + + + + + + + A + + + + + + + + + + + + + +
Intestine large, colon + + + + + + + + A + + + + + + + + + + + + + + +
Intestine large, rectum + + + + + + + + A + + + + + + + + + + + + + + +
Intestine large, cecum A + + + + + + + A + + + + + + + + + + + + + + +
Intestine small, duodenum A A + + + + + + A + + + + + + + + + + + + + + +
Intestine small, jejunum A + + + + + + + A + + + + + + + + + + + + + + +
Intestine small, ileum + + + + + + + + A + + + + + + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + +
Hemangioma X
Hemangiosarcoma X
Hepatocellular carcinoma X
Hepatocellular adenoma X X
Hepatocellular adenoma, multiple

Sarcoma stromal, metastatic, uterus X
Mesentery + +
Pancreas + + + + + + + + + + + + + + + + + + + + + + +
Salivary glands + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + +

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + +

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + 4- + + + + + + +
Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + +
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + +
Parathyroid gland M + + + + + + + + + + + + M + M + M + + M M M M
Pituitary gland + + + + + + + + + + + + + + + + + + + + + M + +
Pars distalis, adenoma X X

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + +

General Body System

Tissue NOS +

Genital System

Clitoral gland

Ovary + + + + + M+ +A + + + + + + + + + + + + + + +
Cystadenoma

Teratoma benign X
Uterus + + + + + + + + + + + + + + + + + + + + + + + +
Leiomyoma X
Sarcoma stromal X

+ : Tissue examined microscopically

A: Autolysis precludes examination

M: Missing tissue

I: Insufficient tissue

X: Lesion present

Blank; Not examined
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Tabi.K 1)2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm
(coniinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Carcavs II) Number 5 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 8 8 8 8 8 8 8 8 9 Total

5 7 8 0 1 2 5 6 7 8 9 1 3 4 6 8 0 1 2 3 4 6 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Alimentary System

r^ophagus + + + + + + + + + + + + + + + + + + + + + + + + + 49

Gallbladder + + + + + + + + + + + + M + + + + + + + + + + + + 47

Intestine large, colon + + + + + + + + + + + + + + + + + + + + 4- + + + + 48

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 47

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + 46

Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 47

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 49

Hemangioma
Hcmangiosarcoma

Hepatocellular carcinoma

Hepatocellular adenoma

Hepatocellular adenoma, multiple

Sarcoma stromal, metastatic, uterus

X X
X X

Mesentery + + 4- 4- 6

Pancreas + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 49

Salivary glands + + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 49

Stomach, forestomach + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Stomach, glandular + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Cardiovascular System
Heart + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Endocrine System

Adrenal cortex + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Adrenal medulla + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Islets, pancreatic + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Parathyroid gland + + + + + + M M + + M + + M + M 4- 4- M 4- M 4- 4- 4- M 33

Pituitary gland -f + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 48

Pars distalis, adenoma 2

Thyroid gland + + + + + + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

General Body System

Tissue NOS

Genital System

Clitoral gland 4-
1

Ovary 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4'4" + + -t- + + + + + + + + 47

Cystadenoma X X 2

Teratoma benign 1

Uterus 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-4-4-4-4-4-4-4-4-4-4-4-4- 49

Leiomyoma 1

Sarcoma stromal 1
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Table D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm
(continued)

Number of Days on Study

013556666677777777777777
886181 124802444444444444848803774818444444444444

Carcass ID Number
222222222222222222222222
556458787776444444445555
694147557093234567890123111111111111111111111111

Hematopoietic System

Bone marrow

Lymph node

Iliac, sarcoma stromal, metastatic.

+ + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + +

uterus

Lymph node, mandibular

Lymph node, mesenteric

Spleen

Thymus

X
+ + + + + + + + + + + + + + + + + + + + + + + +
M+ + + + + + +A + + M+ + + + + + + + + + + +
+ + + + + + + +A + + + + + + + + + + + + + + +
+ + + + + + M+ +M+M+ + + + + + + + + + + +

Integumentary System
Mammary gland

Adenoma
+ + + + + + + + + + + + + + + + + + + + + + + +

Skin + + + + + + + + + + + + + + + + + + + + + + + +

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + +

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + +

Respiratory System

Lung

Alveolar/bronchiolar adenoma

Hepatocellular carcinoma, metastatic,

liver

+ + + + + + + + + + + + + + + + + + + + + + + +
X

Sarcoma stromal, metastatic, uterus

Nose

Trachea

X
+ + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Ear

Eye

Harderian gland

Adenoma

+ +

Zymbal’s gland + M+ M+ + M+ + + + + + + + + + + M+ +

Urinary System

Kidney

Urinary bladder

+ + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + +A + + + + + + + + + + + + + + +

Systemic Lesions

Multiple organs

Lymphoma malignant histiocytic

Lymphoma malignant lymphocytic

Lymphoma malignant mixed

Lymphoma malignant undifferentiated

cell type

+ 4-4- + + + + + + 4- + + -f4- + -f- + + + + + + 4* +
X

X XX

XX
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Table 1)2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 0 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Carcass ID Number 5 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 8 8 8 8 8 8 8 8 9 Total

5 7 8 0 1 2 5 6 7 8 9 1 3 4 6 8 0 1 2 3 4 6 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 49

Lymph node + + + 9

Iliac, sarcoma stromal, metastatic.

uterus 1

Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + + 49

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + + 46

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 48

Thymus + + + + + + + + + + + + + + + + + + + + + + + + + 46

Integumentary System
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 49

Adenoma X 1

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 49

Musculoskeletal System

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 49

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + 49

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 49

Alveolar/bronchiolar adenoma X X X X 5

Hepatocellular carcinoma, metastatic,

liver X 1

Sarcoma stromal, metastatic, uterus 1

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 49

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 49

Special Senses System

Ear 2

Eye + + 2

Harderian gland + + + 3

Adenoma X X X 3

Zymbal’s gland + + M M + + + + + + + + + + M + M + + + + + + + 38

Urinary System

Kidney + + + + + + + + + + + + + + + + + + + + + + + + 49

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + 48

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + 49

Lymphoma malignant histiocytic 1

Lymphoma malignant lymphocytic X 4

Lymphoma malignant mixed X 1

Lymphoma malignant undifferentiated

cell type 1
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Table D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm

5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 2 5 9 3 3 4 4 6 7 9 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 4 0 9 9 8 8 9 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Carcass ID Number 3 2 1 0 4 4 4 1 4 4 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1

2 4 3 2 1 0 5 6 2 8 1 3 4 5 6 7 8 9 0 1 2 4 5 7 8

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + +
Gallbladder + M M + + + M + + + + + + + + + + + + + + + + + +
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + +
Hepatocholangiocarcinoma, metastatic,

liver

Intestine small, jejunum + + + + A + + + + + + + + + + + + + + + + + + + +
Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangiosarcoma X X
Hemangiosarcoma, metastatic, skin

Hepatocellular carcinoma X X
Hepatocellular adenoma X X
Hepatocellular adenoma, multiple X X
Hepatocholangiocarcinoma

Histiocytic sarcoma X
Osteosarcoma, metastatic, bone X

Mesentery + +
Hepatocholangiocarcinoma, metastatic.

liver

Histiocytic sarcoma X
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + +
Hepatocholangiocarcinoma, metastatic.

liver

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + +
Hepatocholangiocarcinoma, metastatic.

liver

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +
Hepatocholangiocarcinoma, metastatic,

liver

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + -I- + + + + +
Histiocytic sarcoma X

Endocrine System
Adrenal cortex + M + + + + + + + + + + + + + + + + + + + + + + +
Adrenal medulla + M + + + + + + + + + + + + + + + + + + + + + + +
Pheochromocytoma benign

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + +
Parathyroid gland + M M + + + M + + + M + + + + + + M + + + + M + +
Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + +
Pars distalis, adenoma X X X

Thyroid gland + + + + + + + + + + + + + + 4- + + + + + + + + + +
Follicular cell, adenoma
Follicular cell, carcinoma X
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1 AKI.K 1)2

Iiidividiiul Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(conlinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Carcass II) Number 1 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 4 4 4 4 4 5 Total

9 0 1 2 3 5 6 7 8 9 0 1 3 4 5 6 7 8 9 3 4 6 7 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Alimentary System
lisophagus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Gallbladder + + + + + + M + + + + + + + + + + + + + + + + M + 45

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 50

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 50

I lepatocholangiocarcinoma, metastatic,

liver X 1

Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 50
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50

I lemangiosarcoma X 3
Hemangiosarcoma, metastatic, skin X 1

Hepatocellular carcinoma X X X 5

Hepatocellular adenoma X X X X X X 8
Hepatocellular adenoma, multiple X X 4

Hepatocholangiocarcinoma X 1

Histiocytic sarcoma 1

Osteosarcoma, metastatic, bone 1

Mesentery + + + 5

Hepatocholangiocarcinoma, metastatic.

liver X
1

Histiocytic sarcoma
1

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50
Hepatocholangiocarcinoma, metastatic.

liver X
1

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 50
Hepatocholangiocarcinoma, metastatic.

liver X
1

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50
Hepatocholangiocarcinoma, metastatic.

liver X
1

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50
Histiocytic sarcoma

1

Endocrine System
Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + + 49
Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + + 49
Pheochromocytoma benign X 1

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50
Parathyroid gland + + + + + + + + M + + M M M M M + M + M + M + + M 34
Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50
Pars distalis, adenoma X X X n

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 51)

Follicular cell, adenoma X
Follicular cell, carcinoma
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Table D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(continued)

5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 2 5 9 3 3 4 4 6 7 9 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 4 0 9 9 8 8 9 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Carcass ID Number 3 2 1 0 4 4 4 1 4 4 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1

2 4 3 2 1 0 5 6 2 8 1 3 4 5 6 7 8 9 0 1 2 4 5 7 8

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

General Body System
Tissue NOS + +
Carcinoma, metastatic, thyroid gland X

Genital System
Ovary + + + + + + + + + + + + + + + + + + + + + + + + +
Cystadenoma

Granulosa cell tumor benign

X

Uterus + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangiosarcoma, metastatic, bone

marrow X
Histiocytic sarcoma

Sarcoma stromal

X

Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +
Vertebral, hemangiosarcoma

Lymph node

X
+ + + + +

Bronchial, hepatocellular carcinoma,

metastatic, liver

Bronchial, osteosarcoma, metastatic.

X

bone X
Lumbar, hepatocholangiocarcinoma,

metastatic, liver

Mediastinal, hepatocholangiocarcinoma,

metastatic, liver

Renal, hepatocholangiocarcinoma.

metastatic, liver

Lymph node, mandibular + + M + + + + + + + + + + + + + + + + + + + + + M
Lymph node, mesenteric + + + + + + M + + + + + + + + + + + + + + + + + +
Hepatocholangiocarcinoma, metastatic.

liver

Spleen + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangiosarcoma X

Thymus + + + + + + + + + M + + + + + + + M + + + + + + +

Integumentary System
Mammary gland + + + + + + + + + + + + + + + + + + M + + + + + +
Skin + + + + + + + + + + + + + + + + + + + + + + + + +
Subcutaneous tissue, hemangiosarcoma X

Musculoskeletal System

Bone + + + + + + + + + + + + + + + + + + + + + + + +
Dorsal, osteosarcoma

Vertebra, hemangiosarcoma, extension X
X

Skeletal muscle + +
Back, hemangiosarcoma, extension

Diaphragm, hepatocholangiocarcinoma.

X

metastatic, liver
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rABI.K 1)2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218; 1,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Carcass II) Number 1 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 4 4 4 4 4 5 Total

9 0 1 2 3 5 6 7 8 9 0 1 3 4 5 6 7 8 9 3 4 6 7 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

(General Body System

Tissue NOS 2

Carcinoma, metastatic, thyroid gland 1

(ienital System
Ovary + + + + + + + + + 4- + + + + + + + + + + + + + + + 50

Cystadenoma 1

Granulosa cell tumor benign X 1

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 50

Hemangiosarcoma, metastatic, bone

marrow 1

Histiocytic sarcoma 1

Sarcoma stromal X 1

Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50

Vertebral, hemangiosarcoma 1

Lymph node + + + + + 10

Bronchial, hepatocellular carcinoma,

metastatic, liver

Bronchial, osteosarcoma, metastatic.

1

bone 1

Lumbar, hepatocholangiocarcinoma,

metastatic, liver

Mediastinal, hepatocholangiocarcinoma.

X 1

metastatic, liver

Renal, hepatocholangiocarcinoma.

X 1

metastatic, liver X 1

Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + + 48

Lymph node, mesenteric + + + + + + + + + + M + + + + + + + + + + + + + + 48

Hepatocholangiocarcinoma, metastatic.

liver X 1

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50

Hemangiosarcoma

Thymus + + + + + + + + + + + + + + + + + + + + + + + + +
1

48

Integumentary System
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 49

Skin + + + + + + + + + + + + + + + + + + + + + + + + + 50

Subcutaneous tissue, hemangiosarcoma X 2

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + 50

Dorsal, osteosarcoma

Vertebra, hemangiosarcoma, extension

1

1

Skeletal muscle + 3

Back, hemangiosarcoma, extension

Diaphragm, hepatocholangiocarcinoma.

1

metastatic, liver X 1
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Table D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.L Direct Blue 218: 1,000 ppm
(continued)

Number of Days on Study

5556666666777777777777777
2593344679444444444444444
2409988993333333333333333

Carcass ID Number
3333333333333333333333333
3210444144000000001111111
2432105628134567890124578
1111111111111111111111111

Nervous System
Brain

Spinal cord

+ + + + + + + + + + + + + + + + + + + + + + + + +
+

Respiratory System
Lung

Alveolar/bronchiolar adenoma

Alveolar/bronchiolar adenoma,

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

multiple

Hepatocellular carcinoma, metastatic.

X X

liver

Hepatocholangiocarcinoma, metastatic,

liver

X

Histiocytic sarcoma

Osteosarcoma, metastatic, bone

Nose

Trachea

X
X

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Ear

Eye

Zymbal’s gland

4-

+ MMI + + M+ + + + + +M+ + + +MM + M+ + +

Urinary System
Kidney

Bilateral, osteosarcoma, metastatic.

+ + + + + + + + + + + + + + + + + + + + + + + + +

bone

Urinary bladder

Histiocytic sarcoma

X
+ + + + + + + + + + + + + + + + + + + + + + + + +
X

Systemic Lesions

Multiple organs

Histiocytic sarcoma

Lymphoma malignant histiocytic

Lymphoma malignant lymphocytic

Lymphoma malignant mixed

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

XXXX X
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1 ABI.K 1)2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 1,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Carcavs II) Number 1 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 4 4 4 4 4 5 Total

9 0 1 2 3 5 6 7 8 9 0 1 3 4 5 6 7 8 9 3 4 6 7 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Nervous System

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50

Spinal cord 1

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50

AJvcolar/bronchiolar adenoma X X X X 5

Alvcolar/bronchiolar adenoma,

multiple 2

Hepatocellular carcinoma, metastatic.

liver 1

1 iepatocholangiocarcinoma, metastatic,

liver X 1

Histiocytic sarcoma 1

Osteosarcoma, metastatic, bone 1

Nose + + + + + + + + + + + + + + + + + + + + + + + + 50

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50

Special Senses System

Ear + 1

Eye 1

Zymbal’s gland + + + + + + + + + + M + M + + + + + M + + M + + + 38

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50

Bilateral, osteosarcoma, metastatic.

bone 1

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50

Histiocytic sarcoma 1

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + 50

Histiocytic sarcoma 1

Lymphoma malignant histiocytic X 2

Lymphoma malignant lymphocytic X X X 7

Lymphoma malignant mixed X X 2
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Table D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm

5 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 7 0 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 6 4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Carcass ID Number 7 7 8 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 8 8 8 8

3 6 8 1 2 3 4 5 6 7 8 9 0 1 2 4 5 7 8 9 0 1 2 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + +
Gallbladder I + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, colon A + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum A + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum A + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, duodenum A + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, jejunum A + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma X

Intestine small, ileum A + + + + + + + + + + + + + + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + + + + + + + +
Hepatocellular carcinoma X X X X
Hepatocellular adenoma X X X X
Hepatocellular adenoma, multiple X X X
Osteosarcoma, metastatic, nose X

Mesentery +
Pancreas A + + + + + + + + + + + + + + + + + + + + + + +
Salivary glands + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach A + + + + + + + + + + + + + + + + + + + + + + +
Stomach, glandular A + + + + + + + + + + + + + + + + + + + + + + +

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + +

Endocrine System
Adrenal cortex A + + + + + + + + + + + + + + + + + + + + + + +
Adrenal medulla A + + + + + + + + + + + + + + + + + + + + + + +
Pheochromocytoma benign X

Islets, pancreatic A + + + + + + + + + + + + + + + + + + + + + + +
Parathyroid gland A + + M + + + M + M M + M + + + + + + + + + + +
Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + +
Pars distalis, adenoma

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + +

General Body System
None

Genital System
Ovary A + + + + + + + + + + + + + + + + + + + + + + +
Granulosa cell tumor benign

Hemangioma
Teratoma benign

Thecoma benign

Uterus + + + + + + + + + + + + + + + + + + + + + + + +
Polyp stromal X
Sarcoma stromal X
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Iabik 1)2

Individiiul Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4

Carcass II) Number 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 1 Total

4 5 6 7 9 0 1 2 3 4 5 6 7 8 9 0 2 3 4 5 6 7 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Alimentary System
F-.sophagus + + + + + + + + + + + + + + + + + + + + + + + + + 49

Gallbladder + + M M + + + + + + + + + + + + + + + + + + + + + 46

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Intestine small, jejunum + + + + + + + + + + + + + + + + + 4- + + + + + + + 48

Carcinoma 1

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 48

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 49

Hepatocellular carcinoma X X 6

Hepatocellular adenoma X X X X X 9

Hepatocellular adenoma, multiple X X X X X 8

Osteosarcoma, metastatic, nose 1

Mesentery + + 3

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 48

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + 49

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 48

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 48

Cardiovascular System

Heart + + + + + + + + + + + + + + + + + + + + + + + + + 49

Endocrine System
Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + + 48

Adrenal medulla + + + + + + + + + + + + + + + + + + + + + + + + + 48

Pheochromocytoma benign X 2

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 48

Parathyroid gland + + + + + + + + + + + + + + + M + + + + + M + M + 40

Pituitary gland + + + + + + + + + + + + + + + + + + + + + + + + + 49

Pars distalis, adenoma X X 2

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 49

General Body System
None

Genital System

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 48

Granulosa cell tumor benign XX 2

Hemangioma X 1

Teratoma benign X 1

Thecoma benign X 1

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 4V

Polyp stromal 1

Sarcoma stromal 1
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Table D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(continued)

5 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 7 0 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 6 4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Carcass ID Number 7 7 8 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 8 8 8 8

3 6 8 1 2 3 4 5 6 7 8 9 0 1 2 4 5 7 8 9 0 1 2 3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + + + + + +
Lymph node, mandibular A + + + + + + + + + + + + + + + + + + + + + + +
Lymph node, mesenteric I + + + + + M + + + + + + + + + + + + + + + + +
Spleen + + + + + + + + + + + + + + + + + + + + + + + +
Thymus A + + + + + + + + + + + + + + + + + + + + + + +

Integumentary System
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + +
Skin + + + + + + + + + + + + + + + + + + + + + + + +
Subcutaneous tissue, sarcoma X
Subcutaneous tissue, schwannoma

malignant

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + +

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + +

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + +
AlveolarA)ronchiolar adenoma X X
Hepatocellular carcinoma, metastatic.

liver X
Osteosarcoma, metastatic, nose X

Nose + + + + + + + + + + + + + + + + + + + + + + + +
Osteosarcoma X

Trachea + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Eye

Harderian gland +
Adenoma X

Zymbal’s gland + M M + M + + + + + + + + + M + M + + + + M + +

Urinary System

Kidney + + + + + + + + + + + + + + + + + + + + + + + +
Urinary bladder A + + + + + + + + + + + + + + + + + + + + + + +

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + +
Lymphoma malignant lymphocytic X XX
Lymphoma malignant mixed X X
Lymphoma malignant undifferentiated

cell type X
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Iaki.k 1)2

Individuul Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 3,000 ppm
(continued)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4

Carcass II) Number 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 1 Total

4 5 6 7 9 0 1 2 3 4 5 6 7 8 9 0 2 3 4 5 6 7 8 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 49

Lymph node + + 8

Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + + 48

Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + 47

Spleen + + + + + + + + + + + + + + + + + + + + + + + + 49

Thymus + + + + + + + + + + + + + + + + + + + + + + + + 48

Integumentary System

Mammary gland

Skin

Subcutaneous tissue, sarcoma

Subcutaneous tissue, schwannoma

malignant

Musculoskeletal System

Bone + + + + + + + + + + + + + + + + + + + + + + + + 49

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 49

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 49

Alveolar/bronchiolar adenoma X X 4

Hepatocellular carcinoma, metastatic.

liver X 2

Osteosarcoma, metastatic, nose 1

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 49

Osteosarcoma 1

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 49

+ + + + + + + + + + + + + + + + + + + + + + + + + 49

+ + + + + + + + + + + + + + + + + + + + + + + + + 49

1

X 1

Special Senses System
Eye + 1

Harderian gland + 2

Adenoma X 2

Zymbal’s gland MMM+ + + MM+ + + + + + + + M+ + + + + + + + 37

Urinary System

Kidney + + + 4- + 4*4* + + + + 4* + + + + + + + + + + + 4-4' 49

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 48

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 49

Lymphoma malignant lymphocytic XX 5

Lymphoma malignant mixed 2

Lymphoma malignant undifferentiated

cell type 1
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Table D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm

Number of Days on Study

014555667777777777777777
302046890123334444444444
887417940519992222222222
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Carcass ID Number 6 5 4 3 4 2 5 6 4 6 6 2 2 2 2 2 2 2 2 3 3 3 3 3 il

2 5 6 8 2 7 1 4 0 0 3 1 2 3 4 5 6 8 9 0 1 2 3 4
1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Alimentary System 1

Esophagus + + + + + + + + + + + + + + + + + + + + + + + +
Gallbladder + + + + A A + + + + + + M + + + + + + + + + + M

j

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + !

Intestine large, cecum + A A + A A + + + + + + + + + + + + + + + + + + !

Intestine small, duodenum + + A + A A + + + + + + + + + + + + + + + + + +
j

Intestine small, jejunum + + A A A A + + + + + + + + + + + + + + + + + +
1

Intestine small, ileum + A A + A A + + + + + + + + + + + + + + + + + +
j

Carcinoma X
Liver + + + + + + + + + + + + + + + + + + + + + + + + ;i

Hemangiosarcoma X
Hepatoblastoma X i

Hepatocellular carcinoma X X X
1

Hepatocellular adenoma X X X X
i

Hepatocellular adenoma, multiple X X X X X X X X X X X X X X X X
Mesentery + + +

;

Pancreas + + + + + + + + + + + + + + + + + + + + + + + +
1

Salivary glands + M + + + + + + + + + + + + + + + + + + + + + + '

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + +
1

Squamous cell papilloma i

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + +
j

Cardiovascular System i

Heart + + + + + + + + + + + + + + + + + + + + + + + +
J

Endocrine System
i

Adrenal cortex + + + + + + + + + + + + + + + + + + + + + + + + !

Adenoma
1

Adrenal medulla + + + + + 4- + + + + + + + + + + + + + + + + M +
1

Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + +
'

Parathyroid gland M + + + + + + + + + + + + M + + + + + + + M + +
Pituitary gland + M + + + + + + + + + + + + + + + + + + + + M +
Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + +

Follicular cell, adenoma

General Body System
Tissue NOS
Sarcoma, metastatic, skeletal muscle

+
X

Genital System
Clitoral gland

Ovary

Choriocarcinoma
Cystadenoma

Hemangioma

Teratoma benign

Uterus

Deciduoma benign

Hemangioma
Hemangiosarcoma

Leiomyoma
Polyp stromal

+ + + + + + + + + + + + + + + + + + + + + + + +
X

X
+ + + + + + + + + + + + + + + + + + + + + + + +
X

X

ir-

I
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Imiividtiul Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(conlinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Carcass II) Number 3 3 3 3 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 6 6 6 6 6 7 Total

5 6 7 9 1 3 4 5 7 8 9 0 2 3 4 6 7 8 9 1 5 6 7 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Alimentary System
Fsophagus + M + + + + + + + + + + + + + + + + + + + + + + + 48

Gallbladder + + + + + + + + + + + + + M + + + + M + + M + + + 42

Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 49

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 45

Intestine small, duodenum 4- + + + -
1
- + + + + + + + + + + + + + + + + + + + + 46

Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 45

Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 45

Carcinoma 1

Uver + + + + + + + + + + + + + + + + + + + + + + + + + 49

I Icmangiosarcoma 1

1 Icpatoblastoma 1

Hepatocellular carcinoma X X X X X X X X X 12

Hepatocellular adenoma X X 6

Hepatocellular adenoma, multiple X X X X X X X X X X X X X X X X X X X 35

Mesentery + + 5

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 49

Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 48

Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 49

Squamous cell papilloma X 1

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 49

Cardiovascular System
Heart + + + + + + + + + + + + + + + + + + + + + + + + 49

Endocrine System
Adrenal cortex + + + + + + + + + M + + + + + + + + + + + + + + 48

Adenoma X 1

Adrenal medulla + + + + + + + + + M + + + + + + + + + + + + + + 47

Islets, pancreatic + + + + + + + + + + + + 4- + + + + + + + + + + + + 49

Parathyroid gland + M M + + + + + + M + M M + + + + + + + + + + + M 40

Pituitary gland + + + + M + + + + M + + + + + + + + + + + + + + + 45

Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + 49

Follicular cell, adenoma 1

General Body System
Tissue NOS 1

Sarcoma, metastatic, skeletal muscle 1

Genital System
Clitoral gland + 1

Ovary + + + + + + + + + + + + 49

Choriocarcinoma 1

Cystadenoma X 1

Hemangioma X 1

Teratoma benign 1

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 49

Deciduoma benign 1

Hemangioma 1

Hemangiosarcoma 1

Leiomyoma X 1

Polyp stromal X 1
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Table D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(continued)

0 1 4 5 5 5 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 3 0 2 0 4 6 8 9 0 1 2 3 3 3 4 4 4 4 4 4 4 4 4 4

8 8 7 4 1 7 9 4 0 5 1 9 9 9 2 2 2 2 2 2 2 2 2 2

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Carcass ID Number 6 5 4 3 4 2 5 6 4 6 6 2 2 2 2 2 2 2 2 3 3 3 3 3

2 5 6 8 2 7 1 4 0 0 3 1 2 3 4 5 6 8 9 0 1 2 3 4

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Hematopoietic System

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + + + +
Lymph node, mandibular + M + + + + + + + + + + + + + + + + + + + + + +
Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + +
Spleen + + + + + + + + + + + + + + + + + + + + + + + +
Thymus + + + + + + + + M + M + + + + + + + + + + + + +

Integumentary System
Mammary gland + + + + + + + + + + M + + + + + + + + + + + + +
Skin + + + + + + + + + + + + + + + + + + + + + + + +
Squamous cell carcinoma

Subcutaneous tissue, schwannoma

malignant X

Musculoskeletal System
Bone + + + + + + + + + + + 4- + + + + + + + + + + + +
Skeletal muscle +
Back, sarcoma X

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + +

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma

Hepatocellular carcinoma, metastatic.

liver

Nose + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Zymbal’s gland + + M + M + + + + M + + + + M M + + + M +

Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + +
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + +

Systemic Lesions

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + +
Lymphoma malignant histiocytic X
Lymphoma malignant lymphocytic X
Lymphoma malignant mixed
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Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218: 10,000 ppm
(coniinucd)

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Number of Days on Study 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Carcass II) Number 3 3 3 3 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 6 6 6 6 6 7 Total

5 6 7 9 1 3 4 5 7 8 9 0 2 3 4 6 7 8 9 1 5 6 7 9 0 Tissues/

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tumors

Hematopoietic System

Bone marrow + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 49

Lymph node + 4- 4- 7

Lymph node, mandibular + + + + + + 4- 4- 4- M 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 47

Lymph node, mesenteric + + ~r + M + M 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- M 4- 4- 4- 46

Spleen + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 49

ITiymus + + + + + + 4- 4- 4- M 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 46

Integumentary System

Mammary gland + + + + 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 48

Skin + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 49

Squamous cell carcinoma X 1

Subcutaneous tissue, schwannoma

malignant 1

Musculoskeletal System
Bone + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 49

Skeletal muscle 1

Back, sarcoma 1

Nervous System

Brain + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 49

Respiratory System

Lung + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Alveolar/bronchiolar adenoma X 1

Hepatocellular carcinoma, metastatic.

liver X 1

Nose + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Trachea + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 49

Special Senses System
Zymbal’s gland + M + + + M M 4- 4- M 4- 4- 4- 4- 4- M 4- 4- M 4- 4- M M 4- 32

Urinary System

Kidney + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4 49

Urinary bladder + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 49

Systemic Lesions

Multiple organs + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- + 49

Lymphoma malignant histiocytic 1

Lymphoma malignant lymphocytic X 2

Lymphoma malignant mixed X X 2
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Table D3
Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

llarderian Gland: Adenoma
Overall rates® 3/49 (6%) 0/50 (0%) 2/49 (4%) 0/49 (0%)
Adjusted rates^ 8.1% 0.0% 4.3% 0.0%

Terminal rates^^ 3/37 (8%) 0/40 (0%) 2/46 (4%) 0/38 (0%)
First incidence (days) 739 (T)

e
739 (T) -

Life table tests^* P=0.175N P=0.108N P =0.401N P=0.116N

Logistic regression tests^* P=0.175N P=0.108N P= 0.401N P=0.116N

Cochran-Armitage test‘d

Fisher exact test^

P=0.178N

P=0.117N P=0.500N P=0.121N

Liver: Ilemangiosarcoma
Overall rates 1/49 (2%) 3/50 (6%) 0/49 (0%) 1/49 (2%)
Adjusted rates 2.2% 7.5% 0.0% 2.6%

Terminal rates 0/37 (0%) 3/40 (8%) 0/46 (0%) 1/38 (3%)
First incidence (days) 580 739 (T) - 739 (T)

Life table tests P=0.465N P=0.334 p=0.487N P=0.758

Logistic regression tests P=0.457N P =0.307 P=0.616N P=0.763N
Cochran-Armitage test

Fisher exact test

P=0.457N

P=0.316 P=0.500N P=0.753N

Liver: Hepatocellular Adenoma
Overall rates 7/49 (14%) 12/50 (24%) 17/49 (35%) 41/49 (84%)
Adjusted rates 18.4% 30.0% 36.1% 91.1%

Terminal rates 6/37 (16%) 12/40 (30%) 16/46 (35%) 34/38 (89%)
First incidence (days) 701 739 (T) 676 541

Life table tests P<0.001 P=0.198 P= 0.066 P< 0.001

Logistic regression tests P< 0.001 P = 0.185 P =0.041 P< 0.001

Cochran-Armitage test

Fisher exact test

P< 0.001

P=0.166 11 ob P<0.001

Liver: Hepatocellular Carcinoma
Overall rates 5/49 (10%) 5/50 (10%) 6/49 (12%) 12/49 (24%)
Adjusted rates 13.5% 12.0% 13.0% 30.6%

Terminal rates 5/37 (14%) 4/40 (10%) 6/46 (13%) 11/38 (29%)
First incidence (days) 739 (T) 648 739 (T) 689

Life table tests P=0.012 P=0.578N P=0.603N P=0.061

Logistic regression tests P=0.012 P=0.586N P=0.603N P=0.061

Cochran-Armitage test

Fisher exact test

P=0.014

P=0.617N P =0.500 P=0.054

Liver: Hepatoblastoma or Hepatocellular Carcinoma
Overall rates 5/49 (10%) 5/50 (10%) 6/49 (12%) 13/49 (27%)
Adjusted rates 13.5% 12.0% 13.0% 33.2%

Terminal rates 5/37 (14%) 4/40 (10%) 6/46 (13%) 12/38 (32%)
First incidence (days) 739 (T) 648 739 (T) 689

Life table tests P= 0.005 P=0.578N P=0.603N P=0.038

Logistic regression tests P =0.005 P=0.586N P=0.603N P= 0.038

Cochran-Armitage test

Fisher exact test

P= 0.006

P=0.617N P =0.500 P= 0.033
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Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Fiver. 1 lepatcK'elliilur Adenoma or Carcinoma

Overall rates 10/49 (20%) 15/50 (30%) 21/49 (43%) 45/49 (92%)
Adjusted rates 26.3% 36.4% 44.7% 100.0%

Terminal rates 9/37 (24%) 14/40 (35%) 20/46 (43%) 38/38 (100%>)

First incidence (days) 701 648 676 541

I.ife table tests P< 0.001 P =0.239 P= 0.072 P<0.001

Logistic regression tests P<0.001 P= 0.226 P = 0.045 P<0.001

Cochran-Armitage test

Fisher exact test

P<0.001

P=0.193 P=0.014 P<0.001

Lunj>: Alveolar/bronchiolar Adenoma
Overall rales 5/49 (10%) 7/50 (14%) 4/49 (8%) 1/49 (2%)
Adjusted rales 13.5% 17.5% 8.7% 2.6%
Terminal rates 5/37 (14%) 7/40 (18%) 4/46 (9%) 1/38 (3%)
First incidence (days) 739 (T) 739 (T) 739 (T) 739 (T)

Life table tests P=0.038N P= 0.434 P=0.365N P=0.096N
Logistic regression tests P=0.038N P= 0.434 P=0.365N P=0.096N
Cochran-Armitage test

Fisher exact test

P=0.041N

P =0.394 P=0.500N P=0.102N

Pituitary Gland (Pars Distalis): Adenoma
Overall rates 2/48 (4%) 6/50 (12%) 2/49 (4%) 0/45 (0%)
Adjusted rates 5.6% 15.0% 4.3% 0.0%
Terminal rates 2/36 (6%) 6/40 (15%) 2/46 (4%) 0/35 (0%)
First incidence (days) 739 (T) 739 (T) 739 (T) -

Life table tests P=0.056N P=0.169 P = 0.604N P=0.244N
Logistic regression tests P=0.056N P=0.169 P=0.604N P=0.244N
Cochran-Armitage test

Fisher exact test

P =0.061 N
P=0.148 P=0.684N P=0.264N

All Organs: Ilemangiosarcoma

Overall rates 1/49 (2%) 6/50 (12%) 0/49 (0%) 2/49 (4%)
Adjusted rates 2.2% 14.0% 0.0% 5.3%
Terminal rates 0/37 (0%) 4/40 (10%) 0/46 (0%) 2/38 (5%)
First incidence (days) 580 522 - 739 (T)

Life table tests P=0.442N P= 0.077 P=0.487N P=0.501
Logistic regression tests P= 0.425N P= 0.046 P=0.616N P=0.500
Cochran-Armitage test

Fisher exact test

p=0.434N

P=0.059 P=0.500N P=0.500

All Organs; Hemangioma or Ilemangiosarcoma
Overall rates 2/49 (4%) 6/50 (12%) 1/49 (2%) 4/49 (8%)
Adjusted rates 4.6% 14.0% 2.2% 10.5%
Terminal rates 0/37 (0%) 4/40 (10%) 1/46 (2%) 4/38 (11%)
First incidence (days) 580 522 739 (T) 739 (T)

Life table tests P= 0.485 P=0.169 P=0.452N P=0.346
Logistic regression tests P = 0.502 ooII P = 0.594N P = 0.337

Cochran-Armitage test

Fisher exact test

P=0.495

P=0.141 P=0.500N P= 0.339
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Table D3
Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

All Organs: Malignant Lymphoma (Histiocytic, Lymphocytic, Mixed, or Undifferentiated Cell Type)

Overall rates 7/49 (14%) 11/50 (22%) 8/49 (16%) 5/49 (10%)
Adjusted rates 17.5% 24.5% 16.6% 12.7%

Terminal rates 5/37 (14%) 7/40 (18%) 6/46 (13%) 4/38 (11%)
First incidence (days) 518 590 532 694

Life table tests P=0.172N P= 0.289 P=0.559N P=0.362N

Logistic regression tests P=0.162N P= 0.221 P=0.467 P=0.376N

Cochran-Armitage test P=0.163N

Fisher exact test P= 0.232 P=0.500 P=0.380N

All Organs: Malignant Lymphoma or Histiocytic Sarcoma
Overall rates 7/49 (14%) 12/50 (24%) 8/49 (16%) 5/49 (10%)
Adjusted rates 17.5% 26.0% 16.6% 12.7%

Terminal rates 5/37 (14%) 7/40 (18%) 6/46 (13%) 4/38 (11%)
First incidence (days) 518 554 532 694

Life table tests P=0.148N P=0.221 P=0.559N P=0.362N
Logistic regression tests P=0.133N P=0.142 P= 0.467 P=0.376N
Cochran-Armitage test P=0.137N

Fisher exact test P=0.166 P= 0.500 P=0.380N

All Organs: Benign Neoplasms
Overall rates 20/49 (41%) 21/50 (42%) 26/49 (53%) 42/49 (86%)
Adjusted rates 49.7% 52.5% 55.3% 91.3%

Terminal rates 17/37 (46%) 21/40 (53%) 25/46 (54%) 34/38 (89%)
First incidence (days) 184 739 (T^ 676 108

Life table tests P< 0.001 P=0.536N P =0.485 P< 0.001

Logistic regression tests P<0.001 P=0.550N P= 0.221 P< 0.001

Cochran-Armitage test P<0.001

Fisher exact test P=0.534 P=0.156 P< 0.001

All Organs: Malignant Neoplasms
Overall rates 14/49 (29%) 24/50 (48%) 17/49 (35%) 24/49 (49%)
Adjusted rates 33.6% 48.9% 34.7% 55.6%

Terminal rates 10/37 (27%) 15/40 (38%) 14/46 (30%) 19/38 (50%)
First incidence (days) 518 522 532 108

Life table tests P=0.102 P= 0.086 P=0.576N P= 0.052

Logistic regression tests P =0.090 P=0.033 P=0.339 P= 0.031

Cochran-Armitage test P= 0.090

Fisher exact test P = 0.037 P= 0.332 P=0.031

All Organs: Benign or Malignant Neoplasms
Overall rates 29/49 (59%) 35/50 (70%) 34/49 (69%) 46/49 (94%)
Adjusted rates 65.6% 71.4% 69.4% 100.0%

Terminal rates 22/37 (59%) 26/40 (65%) 31/46 (67%) 38/38 (100%)
First incidence (days) 184 522 532 108

Life table tests P< 0.001 P=0.335 P=0.472N P =0.002

Logistic regression tests P< 0.001 P=0.185 P= 0.232 P<0.001

Cochran-Armitage test P< 0.001

Fisher exact test P=0.180 P=0.200 P<0.001
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Sliitisticiil Analysis of Primary Neoplasms in Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

( T) rermin.il siicrificc

' NuiuIkt of ncopliism-bcaring aninials/number of animals examined. Denominator is number of animals examined microscopically for adrenal gland,

bone marrow, brain, clitoral gland, gallbladder, heart, kidney, larynx, liver, lung, nose, ovary, pancreas, parathyroid gland, pituitary gland, salivary

gland, spleen, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.

^ Kiiplan-Mcicr estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Ol'served incidence at terminal kill

** Beneath the control incidence are the P values associated with the trend test. Beneath the exposed group incidence are the P values corresponding

to pairwise comparisons between the controls and that exposed group. The life table analysis regards neoplasms in animals dying prior to terminal

kill as being (directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and

l isher exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in an exposure group is indicated

by N.

Not applicable; no neoplasms in animal group
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Table D4a
Historical Incidence of Hepatocellular Neoplasms in Untreated Female B6C3F( Mice^

Study Adenoma

Incidence in Controls

Carcinoma Adenoma or

Carcinoma

Historical Incidence at Microbiological Associates, Inc.

C.I. Direct Blue 218 7/49 5/49 10/49

d/ -Amphetamine Sulfate 5/50 0/50 5/50

Overall Historical Incidence

Total 159/1,363 (11.7%) 80/1,363 (5.9%) 223/1,363 (16.4%)

Standard deviation 8.3% 5.5% 10.7%

Range 0%-33% 0%-20% 3%-42%

* Data as of 20 August 1992

Table D4b
Historical Incidence of Small Intestine Neoplasms in Untreated Female B6C3Fi Mice“

Incidence in Controls

Study Adenoma or

Adenomatous Polyp

Carcinoma Adenoma,

Adenomatous Polyp,

or Carcinoma

Historical Incidence at Microbiological Associates, Inc.

C.I. Direct Blue 218 0/49 0/49 0/49

dl -Amphetamine Sulfate 0/50 0/50 0/50

Overall Historical Incidence

Total 2/1,371 (0.1%) 8/1,371 (0.6%) 10/1,371 (0.7%)

Standard deviation 1.0% 1.3% 1.3%

Range 0%-2% 0%-6% 0%-6%

Data as of 20 August 1992
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Summury of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed of C.I. Direct Blue 218^

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Disposition Summary
Animals initially in study 60 60 60 60

I5-M(with inurim evabintion 10 10 10 10

Parly deaths

Accidental deaths 1

Moribund 8 8 1 5

Natural deaths 4 2 2 5

Survivors

Terminal sacrifice 37 40 46 38

Missing 1 1 1

Animals examined microscopically 60 60 60 60

15-Month Interim Evaluation

Alimentary System

Intestine small, jejunum (10) (1) (10)

Hyperplasia, lymphoid 1 (100%)

Liver (10) (10) (10) (10)

Basophilic focus 1 (10%)

Clear cell focus 2 (20%) 1 (10%)

Eosinophilic focus 6 (60%)

Infiltration cellular, lymphocyte 1 (10%)

Inflammation, chronic 1 (10%)

Vocuolization, cytoplasmic 2 (20%) 1 (10%)

Mesentery (1)

Fat, infiltration cellular, lymphocytic 1 (100%)

Pancreas (10) (10)

Duct, dilatation 1 (10%)

Infiltration cellular, lymphocyte 2 (20%)
Salivary gland (10) (10)

Infiltration cell, lymphocytic 5 (50%) 5 (50%)

Stomach (10) (1) (10)

Glandular, hyperplasia 1 (100%)

Cardiovascular System

None

Endocrine System

Thyroid (10) (10)

Follicle, dilatation 3(

General Body System

None
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Table D5
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

15-Month Interim Evaluation (continued)

Genital System

Ovary (10) (1) (1) (10)

Cyst 4 (40%) 1 (100%) 1 (100%) 6 (60%)

Uterus

Dilatation

(10)

2 (20%)

(4) (2) (10)

Endometrium, cystic hyperplasia 9 (90%) 4 (100%) 2 (100%) 10 (100%)

Hematopoietic System

Spleen

Hyfrerplasia, lymphoid

Lymph Node
Renal, hyperplasia, lymphoid

(10)

0)
1 (100%)

(1)

1 (100%)

(10)

Integumentary System

None

Musculoskeletal System

None

Nervous System
Brain (10) (10)

Mineralization 6 (60%) 7 (70%)

Respiratory System

Lung (10) 0) (10)

Hemmorrhage 1 (10%)
Infiltration cellular, lymphocyte 1 (10%)

Nose (10) (10)

Inflammation, acute 1 (10%)

Special Senses System

None

Urinary System

Kidney (10) (10)

Infiltration cellular, lymphocytic 1 (10%.)

Urinary Bladder (10) (10)

Infiltration cellular, lymphocytic 6 (60%.) 9 1
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Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study

Alimentary System

Gallbladder (47) (45) (46) (42)

Dilalalion 1 (2%) 1 (2%)

Iniesiinc large, cccum (47) (50) (48) (45)

1 lypcrplasia, lymphoid 1 (2%)

Intestine small, duodenum (46) (50) (48) (46)

Hyperplasia, lymphoid 1 (27c) 1 (2%)

Intussusception 1 (2%)

1 .iver (49) (50) (49) (49)

Angiectasis, focal 4 (8%) 3 (6%)

Hasophilic focus 4 (8%) 2 (4%) 6 (12%) 7 (14%)

Clear cell focus 2 (4%) 2 (4%) 1 (2%) 12 (24%)

C>t 1 (2%)

Eosinophilic focus 11 (22%) 7 (14%) 11 (22%) 21 (43%)

Fatty change, focal 1 (2%) 1 (2%) 1 (2%) 2 (4%)

Infiltration cellular, focal, lymphocyte 2 (4%) 1 (2%)

Infiltration cellular, histiocyte 1 (2%)
Inflammation, chronic, focal 1 (2%)
Mixed cell focus 1 (2%) 1 (2%)
Necrosis, focal 2 (4%) 1 (2%) 2 (4%)
Ccntrilobular, cytomegaly 1 (2%)

Mesentery (6) (5 ) (3) (5 )

Fat, necrosis, focal 6 (100%) 2 (40%) 3 (100%) 3 (60%)

Pancreas (49) (50) (48) (49)

Accessory spleen 1 (2%) 1 (2%)
Fibrosis, focal 1 (2%)
Infiltration cellular, focal, lymphocyte 1 (2%)
Inflammation, chronic active, focal 2 (4%) 1 (2%)
Acinar cell, atrophy 2 (4%)
Acinar cell, hyptertrophy, focal 1 (2%)
Duct, dilatation 2 (4%) 2 (4%)

Salivary glands (49) (50) (49) (48)

Arteriole, inflammation, chronic, multifocal 1 (2%)
Stomach, forestomach (49) (50) (48) (49)

Hyperplasia, focal 1 (2%) 2 (4%)
Ulcer, focal 2 (4%) 2 (4%) 1 (2%)

Stomach, glandular (49) (50) (48) (49)

Inflammation, acute, focal 1 (2%)

Cardiovascular System
Heart (49) (50) (49) (49)

Cardiomyopathy

Arteriole, inflammation, chronic, focal 1 (2%)

1 (2%)

Endocrine System

Adrenal cortex (49) (49) (48) (48)

Cyst

Cytoplasmic alteration, focal

1 (2%)

1 (2%) 4 (8%)

3 (6%)

1 (2%)
Degeneration, focal 1 (2%) 1 (2%)
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Table D5
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Endocrine System (continued)

Adrenal cortex (continued)

Hemorrhage, focal 7 (15%) 1 (2%)
Hyperplasia, focal

Hypertrophy, focal

1 (2%)

1 (2%) 1 (2%)
Vacuolization cytoplasmic, focal 1 (2%)

Adrenal medulla (49) (49) (48) (47)

Congestion

Degeneration, focal

Hyperplasia, focal

1 (2%)

1 (2%) 1 (2%)

1 (2%)

Islets, pancreatic (49) (50) (48) (49)

Hyperplasia, focal 1 (2%) 2 (4%)
Parathyroid gland (33) (34) (40) (40)

Infiltration cellular, focal, lymphocyte 1 (3%)
Pituitary gland (48) (50) (49) (45)

Pars distalis, angiectasis, focal 2 (4%)
Pars distalis, cyst 1 (2%) 1 (2%) 1 (2%)
Pars distalis, hyp>erplasia, focal 6 (13%) 11 (22%) 7 (14%) 3 (7%)

Thyroid gland (49) (50) (49) (49)

Infiltration cellular, focal, lymphocyte

Inflammation, chronic active, focal

2 (4%)

1 (2%)
Arteriole, inflammation, chronic, focal

C-cell, hyperplasia, focal

1 (2%)

1 (2%) 1 (2%)
Follicular cell, hyp>erplasia, focal 11 (22%) 9 (18%) 7 (14%) 6 (12%)
Follicular cell, hypertrophy, focal 1 (2%)
Follicle, dilatation, focal 2 (4%) 1 (2%)

General Body System

None

Genital System

Clitoral gland (1) (1)

Inflammation, chronic active 1 (100%) 1 (100%)
Duct, dilatation 1 (100%)

Ovary (47) (50) (48) (49)

Abscess 2 (4%)
Angiectasis 1 (2%) 3 (6%)
Cyst 12 (26%) 17 (34%) 15 (31%) 28 (57%)
Ectopic tissue 1 (2%)
Hematocyst 1 (2%) 3 (6%) 2 (4%)
Hemorrhage, focal 1 (2%)
Hyperplasia, tubular 1 (2%)
Infiltration cellular, focal, lymphocyte 1 (2%) 1 (2%)
Inflammation, chronic, focal 2 (4%)
Mineralization, focal 1 (2%) 1 (2%)
Pigmentation, focal 1 (2%)
Bilateral, abscess 1 (2%)
Follicle, hyp)erplasia, cystic, focal 1

(
2%)
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Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

(ienital System (continued)

Uterus (49) (50) (49) (49)

Dilatation 13 (27%) 12 (24%) 15 (31%) 9 (18%)
Fxiopic tissue, focal 1 (2%)
Inflammation, acute 1 (2%)
Inflammation, chronic active 2 (4%)
Thrombosis, focal 1 (2%)
Endometrium, hyperplasia, cystic 31 (63%) 42 (84%) 38 (78%) 31 (63%)

Hematopoietic System
Bone marrow (49) (50) (49) (49)

Angiectasis, focal 1 (2%)
Congestion 1 (2%)
Hyperplasia 5 (10%) 2 (4%)
I lypcrplasia, lymphoid 1 (2%)

Lymph node
(9) (10) (8) (

7
)

Iliac, hyperplasia, lymphoid 1 (11%)
Iliac, hyperplasia, plasma cell 1 (11%) 1 (14%)
Lumbar, hyperplasia, lymphoid 3 (33%) 1 (10%) 1 (13%)
Lumbar, hyperplasia, plasma cell 1 (11%)
Mediastinal, hyperplasia, lymphoid 1 (11%) 1 (14%)
Mediastinal, hyperplasia, plasma cell 1 (11%)
Renal, hyperplasia, lymphoid 2 (22%)
Renal, hyperplasia, plasma cell 2 (22%) 1 (14%)

Lymph node, mandibular (49) (48) (48) (47)
Congestion

1 (2%)
Cyst 2 (4%) 3 (6%) 2 (4%) 3 (6%)
Edema

1 (2%)
Hemorrhage 1 (2%) 1 (2%)
Hyperplasia, lymphoid 3 (6%) 7 (15%) 4 (8%) 2 (4%)
Hyperplasia, plasma cell 1 (2%) 2 (4%) 2 (4%) 1 (2%)
Infiltration cellular, mast cell 1 (2%)
Inflammation, acute 1 (2%)

Lymph node, mesenteric (46) (48) (47) (46)
Angiectasis, focal

1 (2%)
Hemorrhage 1 (2%) 1 (2%) 1 (2%)
Hyperplasia, lymphoid 5 (11%) 2 (4%) 1 (2%) 1 (2%)
Hyperplasia, plasma cell

1 (2%)
Necrosis

1 (2%)
1 (2%)

Spleen (48) (50) (49) (49)
Amyloid deposition, focal

1 (2%)
Depletion lymphoid 1 (2%)

1 (2%)
Hematopoietic cell proliferation 10 (21%) 9 (18%) 3 (6%) 6 (12%)
Hyperplasia, lymphoid 6 (13%) 5 (10%) 10 (20%) 5 (10%)

Thymus (46) (48) (48) (46)
Atrophy

1 (2%)
Cyst 1 (2%) 2 (4%)

1 (2%)
Depletion lymphoid 1 (2%)

1 (2%)
Hemorrhage, focal

1 (2%)
Hyperplasia, lymphoid 1 (2%) 3 (6%) 2 (4%)
Necrosis

1 (2%) 1 (2%) 2 (4%)
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Table D5
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Integumentary System

Skin (49) (50) (49) (49)

Acanthosis, focal

Inflammation, acute, focal 1 (2%)

1 (2%)

1 (2%)
Inflammation, chronic active, focal 1 (2%) 4 (8%) 1 (2%)

Musculoskeletal System

Bone

Fibrous osteodystrophy

Intervertebral disc, dysplasia, focal

(49) (50)

1 (2%)

1 (2%)

(49) (49)

Nervous System

Brain (49) (50) (49) (49)

Hemorrhage, focal 1 (2%)
Hydrocephalus 1 (2%)
Mineralization, focal 29 (59%) 45 (90%) 34 (69%) 38 (78%)
Necrosis, focal 1 (2%)
Artery, inflammation, chronic, focal 1 (2%)

Spinal cord (1)

Infiltration cellular, focal, histiocyte 1 (100%)

Respiratory System

Lung (49) (50) (49) (49)

Congestion 1 (2%) 1 (2%) 1 (2%)
Hemorrhage, focal 1 (2%) 1 (2%) 1 (2%)
Hemorrhage, multifocal 1 (2%)
Infiltration cellular, focal, lymphocyte 1 (2%)
Infiltration cellular, focal, histiocyte 2 (4%)
Alveolar epithelium, hyperplasia, focal 2 (4%)
Arteriole, hypertrophy, focal 1 (2%)
Interstitium, inflammation, focal 1 (2%) 3 (6%)

Nose (49) (50) (49) (49)

Congestion 1 (2%)
Inflammation, acute, focal 2 (4%)

Special Senses System
Ear (2) (1)

Arteriole, inflammation, chronic, focal

Pinna, inflammation, chronic active, focal

1 (50%)

1 (100%)
Eye (2) (1) (1)

Cornea, inflammation, chronic

Lens, cataract

2 (100%)

1 (100%) 1 (100%)
Zymbal’s gland (38) (38) (37) (32)

Inflammation, acute, focal 1 (3%) 1 (3%)
Inflammation, chronic active

Duct, dilatation 1 (3%) 1 (3%)

1 (3%)
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( Siimmury of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

2-Year Study (continued)

Urinary System (continued)

Kidney (49) (50) (49) (49)

Infarct, chronic, focal 1 (2%) 1 (2%)
Infiltration cellular, focal, lymphocyte 1 (2%) 2 (4%) 2 (4%) 1 (2%)
Metaplasia, focal, osseous 2 (4%) 1 (2%) 2 (4%)
Nephropathy 4 (8%) 3 (6%) 5 (10%) 3 (6%)
Artery, inflammation, chronic, focal 1 (2%)
Glomerulus, inflammation, chronic

Renal tubule, dilatation, focal

1 (2%) 1 (2%)

2 (4%)
Urinary bladder (48) (50) (48) (49)

Dilatation

Inflammation, acute

Inflammation, chronic active, focal

1 (2%)

1 (2%) 1 (2%)

2 (4%)
Arteriole, inflammation, chronic, focal 1 (2%)

Number of animals examined microscopically at site and number of animals with lesion
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GENETIC TOXICOLOGY

Salmonella typhimvrium Mutagenicity Test Protocol
Testing was performed as reported by Mortelmans et al. (1986). C.I. Direct Blue 218 was sent to the

laboratory as a coded aliquot from Radian Corporation (Austin, TX). It was incubated with the

Salmonella typhimurium tester strains (TA98, TAIOO, TA1535, and TA1537) either in buffer or S9 mbc

(metabolic activation enzymes and cofactors from Aroclor 1254-induced male Sprague-Dawley rat or Syrian

hamster liver) for 20 minutes at 37° C. Top agar supplemented with /-histidine and rf-biotin was added,

and the contents of the tubes were mixed and poured onto the surfaces of minimal glucose agar plates.

Histidine-independent mutant colonies arising on these plates were counted following incubation for

2 days at 37° C.

Each trial consisted of triplicate plates of concurrent positive and negative controls and at least five doses

of C.I. Direct Blue 218. In the absence of toxicity, 10,000 jug/plate was selected as the high dose. All

positive trials were repeated under the conditions that elicited the positive response.

In this assay, a positive response was defined as a reproducible, dose-related increase in histidine-

independent (revertant) colonies in any one strain/activation combination. An equivocal response was

defined as an increase in revertants that was not dose related, not reproducible, or was not of sufficient

magnitude to support a determination of mutagenicity. A negative response was obtained when no

increase in revertant colonies was observed following chemical treatment. There was no minimum
percentage or fold increase required for a chemical to the judged positive or weakly positive.

Salmonella typhimurium Assay With Reductive Metabolism Protocol
Details of the experimental technique are presented in Reid et al. (1983, 1984) and Prival and Mitchell

(1982). Briefly, uncoded aliquots were obtained from Radian Corporation. Overnight Difco nutrient

broth cultures of Salmonella typhimurium TA1538 were used. The S9 fraction was from Aroclor-induced

male Fischer rat liver or non-induced female hamster liver. In the bacterial reduction system, C.I. Direct

Blue 218 was reduced overnight by incubation in brain/heart infusion broth with a washed suspension of

rat cecal bacteria. Extracts of the reduction mixtures were dissolved in dimethylsulfoxide (DMSO) and

combined with TA1538 and rat liver S9 mbc (metabolic activation enzymes and cofactors). This mbcture

was incubated with shaking for 20 minutes at 37° C. Top agar was then added, and the mbctures were

plated onto minimal glucose agar plates. Incubation was continued for an additional 72 hours. For the

flavin mononucleotide (FMN) reduction system, FMN was added to the DMSO solution containing the

hamster liver S9 mix, TA1538, and C.I. Direct Blue 218 and incubated for 20 minutes at 37° C. The
mbctures were then plated and incubated as described for the bacterial reduction system.

Each test consisted of triplicate plates of the negative control and three doses of C.I. Direct Blue 218.

The positive control, 3,3-dimethoxybenzidine, was tested at the same molar concentrations as C.I. Direct

Blue 218 for each test condition.

Chinese Hamster Ovary Cell Cytogenetics Test Protocols
Testing was performed as reported by Galloway et al. (1987). C.I. Direct Blue 218 was sent to the

laboratory as a coded aliquot by Radian Corporation. It was tested in cultured Chinese hamster ovary

(CHO) cells for induction of sister chromatid exchanges (SCEs) and chromosomal aberrations (Abs), both

in the presence and absence of Aroclor 1254-induced male Sprague-Dawley rat liver S9 and cofactor mix.

Cultures were handled under gold lights to prevent photolysis of bromodeoxyuridine-substituted DNA.
Each test consisted of concurrent solvent and positive controls and of at least five doses of C.I. Direct
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Blue 218; the high dose was limited by toxicity. A single flask per dose was used, and tests yielding

equivocal or positive results were repeated.

Sister Chromatid Exchange Test: In the SCE test without S9, CHO cells were incubated for 26 hours with

Cl. Direct Blue 218 in McCoy’s 5A medium supplemented with fetal bovine serum, /-glutamine, and

antibiotics. Bromodcoxyuridine (BrdU) was added 2 hours after culture initiation. After 26 hours, the

medium containing Cl. Direct Blue 218 was removed and replaced with fresh medium plus BrdU and

Q)lcemid, and incubation was continued for 2 hours. Cells were then harvested by mitotic shake-off, fixed,

and stained with Hoechst 33258 and Giemsa. In the SCE test with S9, cells were incubated with C.I.

Direct Blue 218, serum-free medium, and S9 for 2 hours. The medium was then removed and replaced

with medium containing serum and BrdU and no C.I. Direct Blue 218, and incubation proceeded for an

additional 26 hours, with Colcemid present for the final 2 hours. Harvesting and staining were the same

as for cells treated without S9. All slides were scored blind and those from a single test were read by the

same person. Fifty second-division metaphase cells were scored for frequency of SCEs/cell from each dose

level.

Statistical analyses were conducted on the slopes of the dose-response curves and the individual dose

points (Galloway et al., 1987). An SCE frequency 20% above the concurrent solvent control value was

chosen as a statistically conservative positive response. The probability of this level of difference occurring

by chance at one dose point is less than 0.01; the probability for such a chance occurrence at two dose

points is less than 0.001. An increase of 20% or greater at any single dose was considered weak evidence

of activity; increases at two or more doses resulted in a determination that the trial was positive. A
statistically significant trend (P<0.05) in the absence of any responses reaching 20% above background led

to a call of equivocal.

Chromosomal Aberrations Test: In the Abs test without S9, cells were incubated in McCoy’s 5A medium
with C.I. Direct Blue 218 for 10 hours; Colcemid was added and incubation continued for 2 hours. The
cells were then harvested by mitotic shake-off, fixed, and stained with Giemsa. For the Abs test with S9,

cells were treated with C.I. Direct Blue 218 and S9 for 2 hours, after which the treatment medium was

removed and the cells were incubated for 10 hours in fresh medium, with Colcemid present for the final

2 hours. Cells were harvested in the same manner as for the treatment without S9.

Cells were selected for scoring on the basis of good morphology and completeness of karyotype

(21 ± 2 chromosomes). All slides were scored blind and those from a single test were read by the same

person. Fifty-five to 100 first-division metaphase cells were scored at each dose level. Classes of

aberrations included simple (breaks and terminal deletions), complex (rearrangements and translocations),

and other (pulverized cells, despiralized chromosomes, and cells containing 10 or more aberrations).

Chromosomal aberration data are presented as percentage of cells with aberrations. Statistical analyses

were conducted on both the dose response curve and individual dose points. For a single trial, a

statistically significant (P<0.05) difference for one dose point and a significant trend (P<0.015) were

considered weak evidence for a positive response; significant differences for two or more doses indicated

the trial was positive. A positive trend test in the absence of a statistically significant increase at any one

dose resulted in an equivocal call (Galloway et al, 1987).

Drosophila melanogaster Test Protocol
The assays for induction of sex-linked recessive lethal (SLRL) mutations were performed with adult flics as

described by Woodruff et al (1985). C.I. Direct Blue 218 was supplied as a coded aliquot by Radian

Corporation. It was assayed in the SLRL test by feeding for 3 days to adult Canton-S wild-type males no

more than 24 hours old at the beginning of treatment. Because no response was obtained, C.I. Direct

Blue 218 was retested by injection into adult males.
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To administer a chemical by injection, a glass Pasteur pipette was drawn out in a flame to a microfine

filament, and the tip was broken off to allow delivery of the test solution. Injection was performed manu-

ally, by attaching a rubber bulb to the other end of the pipette and forcing through sufficient solution (0.2

to 0.3 jLiL) to slightly distend the abdomen of the fly, or by attaching the pipette to a microinjector that

automatically delivered a calibrated volume. Flies were anesthetized with ether and immobilized on a strip

of tape. Injection into the thorax, under the wing, was performed with the aid of a dissecting microscope.

Toxicity tests were performed to set concentrations of C.I. Direct Blue 218 at a level that would induce

30% mortality after 72 hours of feeding or 24 hours after injection, while keeping induced sterility at an

acceptable level. Oral exposure was achieved by allowing Canton-S males to feed for 72 hours on a

solution of C.I. Direct Blue 218 in 5% sucrose. In the injection experiments, 24- to 72-hour old Canton-S

males were treated with a solution of C.I. Direct Blue 218 dissolved in saline/peanut oil and allowed to

recover for 24 hours. A concurrent saline/peanut oil control group was also included. Treated males were

mated to three Base females for 3 days and given fresh females at 2-day intervals to produce three matings

of 3, 2, and 2 days (in each case, sample sperm from successive matings were treated at successively earlier

post-meiotic stages). Fj heterozygous females were mated with their siblings and then placed in individual

vials. Fj daughters from the same parental male were kept together to identify clusters. (A cluster occurs

when a number of mutants from a given male result from a single spontaneous premeiotic mutation event,

and is identified when the number of mutants from that male exceeds the number predicted by a Poisson

distribution.) If a cluster was identified, all data from the male in question were discarded. After 17 days,

presumptive lethal mutations were identified as vials containing fewer than 5% of the expected number of

wild-type males; these were retested to confirm the response.

SLRL data were analyzed by simultaneous comparison with the concurrent and historical controls, using a

normal approximation to the binomial test (Margolin et al, 1983). A test result was considered positive if

the P value was less than 0.01 and the mutation frequency in the tested group was greater than 0.10%, or

if the P value was greater than 0.05 and the frequency in the treatment group was greater than 0.15%. A
test was considered to be inconclusive if (a) the P value was between 0.05 and 0.01 but the frequency in

the treatment group was between 0.10% and 0.15%, or (b) the P value was between 0.10 and 0.05 but the

frequency in the treatment group was greater than 0.10%. A test was considered negative if the P value

was greater than 0.10 or if the frequency in the treatment group was less than 0.10%.

Results
C.I. Direct Blue 218 (33 to 10,000 /xg/plate) did not induce mutations in Salmonella typhimurium strains

TA98, TAIOO, TA1535, and TA1537 in the standard NTP assay, which used a preincubation protocol, with

and without Aroclor 1254-induced male Sprague-Dawley rat or Syrian hamster liver S9 oxidative enzymes

(Table El; Mortelmans et al., 1986). C.I. Direct Blue 218 was also tested in a modified Salmonella test :;i

protocol which employed reductive metabolism supplied by flavin mononucleotide or rat cecal bacteria,

followed by oxidative metabolism; results of this test, using strain TA1538, were also negative (Table E2;
j

Reid et al, 1984). J
|

I-

In cytogenetic tests with CHO cells, C.I. Direct Blue 218 induced a small but significant increase in SCEs
.

at the highest dose tested (200 /ig/mL) in the second of two trials conducted without S9 (Table E3); no i

increase in SCEs was observed in either of two trials conducted with S9. No increase in chromosomal

aberrations was seen in CHO cells treated with C.I. Direct Blue 218, at concentrations up to 500 jiig/mL,

with and without S9 (Table E4).

No increase in the frequency of sex-linked recessive lethal mutations was observed in the offspring of male

Drosophila melanogaster administered C.I. Direct Blue 218 by feeding (10,000 ppm) or by injection

(1,000 ppm) (Table E5; Woodruff et al, 1985).

In summary, genetic toxicity tests with C.I. Direct Blue 218 indicate that the chemical is not genotoxic.
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Tabi.k Ei

Mutagenicity of C.I. Direct Blue 218 in SalmoneUa typhimurium}

Revertants/plate*’

Strain Dose ^S9 +10% hamster S9 +10% rat S9

(/ig/plate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2

TAIOO 0 97 ± 2.3 125 ± 3.5 101 ± 5.9 104 ± 3.0 108 ± 15.1 97 ± 4.2

100 73 ± 3.7 39 ± 39.3 130 ± 1.2 95 ± 5.0 110 ± 8.2 92 ± 5.2

333 82 ± 13.9 133 ± 16.0 104 ± 2.0 96 ± 3.8 124 ± 3.5 88 ± 1.0

1,000 94 ± 5.4 125 ± 5.4 100 ± 3.3 84 ± 4.6 106 ± 8.2 91 ± 3.9

3,333 91 ± 2.3 125 ± 13.1 112 ± 9.0 102 ± 8.4 105 ± 6.9 85 ± 1.5

10,000 66 ± 2.6 136 ± 4.9 85 ± 11.0 69 ± 0.3 105 ± 9.0 67 ± 4.2

Trial summary Negative Negative Negative Negative Negative Negative

Positive control‘s 439 ± 41.8 1,475 ± 37.4 1,678 ± 99.2 2,285 ± 33.2 1,642 ± 41.2 2,205 ± 35.2

TA1535 0 3 ± 0.9 17 ± 6.0 4 ± 0.6 5 ± 1.5 9 ± 1.8 7 ± 3.4

33 6 ± 0.9 5 ± 0.9

100 6 ± 1.2 20 ± 2.9 5 ± 1.5 2 ± 0.7 6 ± 0.3 5 ± 1.8

333 2 ± 0.6 21 ± 3.2 4 ± 1.2 2 ± 0.6 4 ± 0.9 3 ± 1.2

1,000 5 ± 1.7 24 ± 1.2 11 ± 1.0 1 ± 0.6 0 ± 0.0 2 ± 0.9

3,333 4 ± 1.5 20 ± 3.3 1 ± 1.0 0 ± 0.3 1 ± 0.3 0 ± 0.3

10,000 3 ± 0.7 19 ± 0.3 1 ± 0.7 0 ± 0.0

Trial summary

Positive control

Negative

126 ± 11.1

Negative

1,224 ± 8.5

Negative

197 ± 38.9

Negative

149 ± 30.0

Negative

102 ± 16.2

Negative

36 ± 8.4

TA1537 0 8 ± 1.2 9 ± 0.3 4 ± 1.2 5 ± 1.5 6 ± 1.5 5 ± 1.8

100 3 ± 0.9 7 ± 0.5 6 ± 0.9 5 ± 1.0 8 ± 1.5 4 ± 0.6

333 6 ± 1.7 12 ± 2.2 7 ± 1.5 4 ± 1.5 6 ± 1.5 2 ± 1.2

1,000 5 ± 0.3 9 ± 0.0 7 ± 0.9 3 ± 0.0 3 ± 0.9 2 ± 0.3

3,333 4 ± 0.7 10 ± 0.9 6 ± 0.9 1 ± 0.6 4 ± 1.2 2 ± 0.3

10,000 1 ± 0.3 7 ± 1.0 4 ± 0.3 2 ± 1.2 3 ± 0.3 1 ± 0.3

Trial summary Negative Negative Negative Negative Negative Negative

Positive control 116 ± 13.4 168 ± 37.8 120 ± 8.0 153 ± 41.4 204 ± 29.4 34 ± 8.6

TA98 0 20 ± 0.6 28 ± 2.0 22 ± 3.8 21 ± 1.2 29 ± 0.9 22 ± 2.0

100 17 ± 1.2 20 ± 3.1 27 ± 1.5 20 ± 1.0 24 ± 1.8 15 ± 2.8

333 13 ± 2.6 21 ± 4.3 27 ± 6.4 17 ± 0.6 30 ± 4.7 19 ± 1.5

1,000 15 ± 0.9 19 ± 1.3 26 ± 2.2 20 ± 0.7 18 ± 0.3 17 ± 0.6

3,333 15 ± 2.4 19 ± 1.5 12 ± 1.2 17 ± 0.6 19 ± 5.8 15 ± 1.5

10,000 13 ± 1.2 24 ± 3.8 17 ± 1.5 8 ± 1.5 16 ± 5.5 9 ± 0.9

Trial summary

Positive control

Negative

170 ± 15.4

Negative

199 ± 17.6

Negative

2,076 ± 87.7

Negative

1,985 ± 18.2

Negative

942 ± 83.8

Negative

2,081 ± 44.7

^ Study performed at Case Western Reserve University. The detailed protocol and these data are presented in Mortclmans ct al.

(1986). 0 /ig/plate is the solvent control.

Revertants are presented as mean ± the standard error from three plates.
^

2-Aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation,

4-nitro-o-phenylenediamine was tested on TA98, sodium azide was tested on TAIOO and TA1535, and 9-aminoacridinc was icsicd

on TA1537.
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Table E2
Mutagenicity of C.I. Direct Blue 218 in Salmonella typhimurium Strain TA1538

in Rat Cecal Bacterial and Flavin Mononucleotide (FMN) Reduction Systems

Dose (/iM)

Reductive Svstem/Oxidative Svstem frevertants/plate)
a

Bacterial/rat S9 None/rat S9 FMN/hamster S9

0.00 43 35 33

0.25 40 (790)*’ 14 (843) 27 (235)

0.50 47 (1,073) 16 (1,203) 21 (316)

b
Revertants are the average from three plates.

The number of revertants obtained with the positive control, 3,3-dimethoxybenzidine at equimolar concentrations, is given in

parentheses after the values obtained for C.I. Direct Blue 218.
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I'abi.k FJ
Induction of Sister Chromatid Exchanges in Chinese Hamster Ovary Cells by C.I. Direct Blue 218^

Dose Total

Compound (/ig/ml.) Cells

No. of SCEs/

Chromo- No. of Chromo-

somes SCEs some

Relative SCE^/

SCEs/ Hrs in Chromosome
Cell BrdU (%)*’

-S9

Trial 1

Summary: Negative

Medium 50 1,039 398 0.38 8.0 26.0

Mitomycin-C 0.01 50 1,037 2,209 2.13 44.2 26.0 456.10

C.I. Direct Blue 218

0.16 50 1,035 424 0.40 8.5 26.0 6.94

5.00 50 1,033 440 0.42 8.8 26.0 11.19

16.00 50 1,038 461 0.44 9.2 26.0 15.94

50.00 50 1,043 426 0.40 8.5 26.0 6.62

160.00 50 1,038 457 0.44 9.1 26.0 14.93

P=0.025‘'

Trial 2

Summary: Weak positive

Medium 50 1,034 414 0.40 8.3 26.0

Mitomycin-C 0.005 50 1,047 1,430 1.36 28.6 26.0 241.13

0.010 50 1,046 1,854 1.77 37.1 26.0 342.69

C.I. Direct Blue 218

25 50 1,036 426 0.41 8.5 26.0 2.70

50 50 1,039 414 0.39 8.3 26.0 -0.48

75 50 1,038 404 0.38 8.1 26.0 -2.79

100 50 1,043 488 0.46 9.8 26.0 16.86

200

300

50

0

1,034 561 0.54 11.2 26.0 35.51'

P< 0.001
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Table E3
Induction of Sister Chromatid Exchanges in Chinese Hamster Ovary Cells by C.I. Direct Blue 218

(continued)

No. of SCEs/ Relative SCEs/

Dose Total Chromo- No. of Chromo- SCEs/ Hrs in Chromosome
Compound (tig/mL) Cells somes SCEs some Cell BrdU (%)

+ S9

Trial 1

Summarv': Negative

Medium
50 1.036 502 0.48 10.0 26.0

Cyclophosphamide

1.50 50 1,042 1,723 1.65 34.5 26.0 241.25

C.I. Direct Blue 218

1.6 50 1.042 426 0.40 8.5 26.0 -15.63

5 50 1,046 434 0.41 8.7 26.0 -14.37

16 50 1.046 401 0.38 8.0 26.0 -20.88

50 50 1.042 467 0.44 9.3 26.0 -7.51

160 50 1.035 509 0.49 10.2 26.0 1.49

P =0.237

Trial 2

Summarv" Negative

Medium
50 1.029 406 0.39 8.1 26.0

Cyclophosphamide

1.50 50 1,017 1,763 1.73 35.3 26.0 339.37

C.I. Direct Blue 218

25 50 1.030 412 0.40 8.2 26.0 1.38

50 50 1,029 435 0.42 8.7 26.0 7.14

100 50 1.031 438 0.42 8.8 26.0 7.67

150 50 1,027 465 0.45 9.3 26.0 14.76

200 50 1.007 454 0.45 9.1 26.0 14.27

P=0.005

* Positive (> 20% increase over solvent control)

* Study performed at Environmental Health Research & Testing, Inc. SCE = sister chromatid exchange: BrdU =

bromodeoxyuridine. A detailed description of the SCE protocol is presented by Galloway et aL (1987).
** SCEs/chromosome of culture exposed to C.I. Direct Blue 218 relative to those of culture expxDsed to solvent.
^

Significance of relatK’e SCEs/chromosome tested by the linear regression trend test vs. log of the dose
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Tablk VA

Induction of Chromosomal Aberrations in Chinese Hamster Ovary Cells by C.I. Direct Blue 218*

-S9 +S9

Dose Total

(^g/mL) Cells

No. of

Abs

Abs/

Cell

Percent

Cells

w/Abs

Dose Total

(4g/mL) Cells

No. of

Abs

Abs/

Cell

Percent

Cells

w/Abs

Trial 1 - Harvest time: 12.0 hours Trial 1 - Harvest time: 12.0 hours

Summary: Negative Summary: Negative

Distilled water Distilled water

100 0 0.00 0.0 100 0 0.00 0.0

Mitomycin-C Cyclophosphamide

0.50 100 52 0.52 31.0 25.0 100 48 0.48 31.0

C.I. Direct Blue 218 C.I. Direct Blue 218

5 100 0 0.00 0.0 1.6 100 0 0.00 0.0

16 100 0 0.00 0.0 5.0 100 0 0.00 0.0

50 100 0 0.00 0.0 16.0 100 0 0.00 0.0

160 100 0 0.00 0.0 50.0 100 0 0.00 0.0

500 100 0 0.00 0.0 160.0 100 1 0.01 1.0

500.0 0

P=0.500’’ P'=0.071

Trial 2 - Harvest time: 12.0 hours Trial 2 - Harvest time: 12.0 hours

Summary: Negative Summary: Negative

Distilled water Distilled water

100 0 0.00 0.0 100 3 0.03 3.0

Mitomycin-C Cyclophosphamide

0.50 100 47 0.47 34.0 25.0 100 76 0.76 47.0

C.I. Direct Blue 218 C.I. Direct Blue 218

100 100 0 0.00 0.0 50 100 1 0.01 1.0

200 100 0 0.00 0.0 100 100 2 0.02 2.0

300 100 0 0.00 0.0 200 100 3 0.03 3.0

400 100 0 0.00 0.0 300 100 5 0.05 5.0

500 100 0 0.00 0.0 400 55 1 0.02

500 100 1 0.01 1.0

P= 0.500 P=0.413

Study performed at Environmental Health Research & Testing, Inc. Abs = aberrations. A detailed presentation of the technique

^
for detecting chromosomal aberrations is found in Galloway et al. (1987).

Significance of percent cells with aberrations tested by the linear regression trend test vs. log of the dose
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Table E5
Induction of Sex-Linked Recessive Lethal Mutations in Drosophila melanogaster by C.I. Direct Blue 218®

Route of Incidence of Incidence of No. of Lethals/No. of X Chromosomes Tested

Exposure Dose Deaths Sterility Mating 1 Mating 2 Mating 3 Total’’

(ppm) (%) (%)

Injection 1,000 10 1 2/1,784 1/1,859 5A ,885 8/5,528 (0.14%)

0 2/1.802 4A,906 3A.939 9/5,647 (0.16%)

Feeding 10,000 5 9 0/1,919 0A.980 1A.852 1/5,751 (0.02%)

0 0/1,952 2/1,889 0A.866 2/5,707 (0.04%)

b

Study performed at Brown University. A detailed protocol of the sex-linked recessive lethal assay and these data are presented in

Woodruff et aL (1985). Results were not significant at the 5% level (Margolin et aL 1983).

Combined total number of lethal mutations/number of X chromosomes tested for three mating trials.
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APPENDIX F
ORGAN WEIGHTS

AND ORGAN-WEIGHT-TO-BODY-WEIGHT RATIOS
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Table FI

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Rats in the 14-Day Feed Study of C.I. Direct Blue 218®

0 ppm 1,000 ppm 3,000 ppm 7,000 ppm 15,000 ppm 30,000 ppm

n

Male

Necropsy body wt

Brain

Absolute

Relative

Heart

Absolute

Relative

R. Kidney

Absolute

Relative

Liver

Absolute

Relative

Lungs

Absolute

Relative

R. Testis

Absolute

Relative

Thymus

Absolute

Relative

Female

Necropsy body wt

Brain

Absolute

Relative

Heart

Absolute

Relative

R. Kidney

Absolute

Relative

Liver

Absolute

Relative

Lungs

Absolute

Relative

Thymus

Absolute

Relative

5

237 ± 8

1.807 ± 0.027

7.66 ± 0.14

0.962 ± 0.031

4.07 ± 0.06

1.047 ± 0.040

4.42 ± 0.05

10.263 ± 0.678

43.33 ± 2.19

1.283 ± 0.089

5.43 ± 0.37

1.326 ± 0.016

5.62 ± 0.13

0.413 ± 0.021

1.75

± 0.08

149 ± 6

I.718 ± 0.032

II.60 ± 0.33

0.652 ± 0.025

4.39 ± 0.10

0.660 ± 0.029

4.44

± 0.09

6.023

± 0.391

40.51 ± 2.09

0.938 ± 0.036

6.35

± 0.39

0.330 ± 0.020

2.23

± 0.15

5

238 ± 9

1.827 ± 0.016

7.70 ± 0.30

0.913 ± 0.025

3.84 ± 0.08

1.022 ± 0.055

4.28

± 0.08

9.621 ± 0.595

40.38 ± 2.20

1.309 ± 0.033

5.52 ± 0.24

1.373 ± 0.051

5.76

± 0.13

0.389 ± 0.014

1.65

± 0.11

150 ± 5

I.699 ± 0.014

II.41 ± 0.37

0.635 ± 0.017

4.25 ± 0.08

0.685 ± 0.028

4.59

± 0.15

6.354 ± 0.348

42.48 ± 1.92

0.975 ± 0.068

6.53 ± 0.40

0.340 ± 0.020

2.28

± 0.15

5

232 ± 9

1.859 ± 0.016

8.05 ± 0.24

0.903 + 0.042

3.89

± 0.08

1.097

± 0.050

4.72 ± 0.08

10.292 ± 0.830

44.12 ± 2.29

1.260 ± 0.056

5.45

± 0.25

1.299 ± 0.055

5.60

± 0.10

0.384 ± 0.028

1.65

± 0.09

149 ± 5

1.662 ± 0.066

11.14 ± 0.16

0.640 ± 0.029

4.29

± 0.08

0.709 ± 0.026

4.76

± 0.06

6.155 ± 0.316

41.37 ± 1.93

1.036

± 0.054

6.96 ± 0.30

0.331 ± 0.012

2.23

± 0.09

5

230 ± 7

1.864 ± 0.019

8.14 ± 0.27

0.914 ± 0.028

3.98

± 0.04

1.120 ± 0.042

4.87 ± 0.14*

10.201 ± 0.174

44.59 ± 1.90

1.285 ± 0.031

5.60

± 0.10

1.336 ± 0.041

5.81 ± 0.04

0.395 ± 0.027

1.73 ± 0.15

148 ± 5

I.700 + 0.039

II.54 ± 0.18

0.643 ± 0.030

4.36

± 0.13

0.722 ± 0.036

4.89

± 0.18*

6.065

± 0.404

40.97 ± 1.85

0.989 ± 0.065

6.68 ± 0.28

0.331 ± 0.009

2.25 ± 0.07

5

226 ± 7

1.846 ± 0.031

8.20 ± 0.25

0.881 ± 0.047

3.92 ± 0.25

1.090

± 0.035

4.83 ± 0.09*

9.918 ± 0.393

44.11 ± 2.30

1.282 ± 0.071

5.69 ± 0.29

1.301 ± 0.028

5.77

± 0.13

0.386 ± 0.018

1.72 ± 0.10

149 ± 5

I.707 ± 0.016

II.52 ± 0.38

0.658 ± 0.021

4.43 ± 0.16

0.762 ± 0.025

5.13 ± 0.19*

6.287 ± 0.390

42.34 ± 2.60

1.088 ± 0.130

7.30

± 0.79

0.327 ± 0.028

2.20 ± 0.18

5

182 ± 10**

1.796 ± 0.025

10.00 ± 0.52**

0.668 ± 0.036**

3.68 ± 0.08*

0.872 ± 0.046*

4.81 ± 0.15*

6.717 ± 0.523**

36.91 ± 1.76

1.099

± 0.083

6.06 ± 0.35

1.197 ± 0.054

6.60

± 0.10**

0.248 ± 0.022**

1.37

± 0.10*

133 ± 5

1.669 ± 0.049

12.55 ± 0.28*

0.501 ± 0.021**

3.76 ± 0.09**

0.617 ± 0.011

4.65

± 0.16*

5.055 ± 0.198

37.98 ± 1.11

0.877 ± 0.057

6.57 ± 0.25

0.247 ± 0.016**

1.85 ± 0.06

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s lest

** P<0.01
® Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight

(mean ± standard error)
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I

I

I \HI K F2

I
Or^un Weights and Organ-Weight-to-Body-Weight Ratios for Rats in the 13-Week Feed Study

of CM. Direct Blue 218^

0 ppm 3,000 ppm 10,000 ppm 20,000 ppm

10 10 10 10

Mule

Necropsy body wt 318 ± 7 326 ± 4 305 ±_ 7 232.5 13.7**

Brain

Absolute 1.854 0.022 1.939 ± 0.015* 1.956 0.024** 1.881 0.019

Relative 5.86 ±_ 0.14 5.95 ± 0.06 6.43 0.10 8.46 0.72**

I lean

Absolute 1.134 ± 0.028 1.224 + 0.025 1.141 ± 0.034 0.955 ± 0.036**

Relative 3.57 ± 0.09 3.75 ± 0.06 3.74 ± 0.07 4.24 ± 0.28**

R. Kidney

Absolute 1.264 0.030 1.527 ± 0.039** 1.551 0.046** 1.394 0.052**”

Relative 3.98 ± 0.09 4.68 ± 0.10* 5.08 ± 0.09** 6.25 ± 0.37***’

Liver

Absolute 10.446 0.364 10.963 ± 0.304 10.351 0.303 8.471 0.274**

Relative 32.86 ± 0.83 33.59 ± 0.74 33.97 ± 0.87 37.65 2.55*

Lungs

Absolute 1.699 0.095 1.690 ± 0.046 1.672 0.066 1.374 0.054**

Relative 5.36 0.30 5.18 ± 0.13 5.47 0.15 6.12 0.46

R. Testis

Absolute 1.475 0.027 1.536 ± 0.018 1.470 ± 0.030 0.980 0.140**

Relative 4.65 ± 0.09 4.71 ± 0.06 4.83 0.08 4.20 0.50

Thymus

Absolute 0.306 0.020 0.298 ± 0.007 0.263 ± 0.016* 0.248 0.010**

Relative 0.96 0.06 0.92 ± 0.02 0.86 0.05 1.11 0.10

Female

Necropsy body wt 188 4 192 ± 3 179 2* 159 2**

Brain

Absolute 1.830 ± 0.019 1.826 ± 0.024 1.797 ± 0.020 1.801 0.025

Relative 9.78 0.18 9.54 0.14 10.03 0.12 11.38 0.23**

Heart

Absolute 0.779 ± 0.022 0.774 ± 0.009 0.719 0.029 0.690 0.018**

Relative 4.15 ± 0.08 4.04 0.05 4.01 0.16 4.36 0.10

R. Kidney

Absolute 0.805 0.021 0.892 0.027* 0.994 ± 0.036** 0.958 0.018* •

Relative 4.29 0.10 4.66 0.13 5.54 0.17** 6.05 0.11**

Liver

Absolute 6.335 0.167 6.400 0.217 6.494 0.200 5.880 0.111

Relative 33.81 0.91 33.44 1.17 36.19 ± 0.95 37.13 ± 0.79*

Lungs

Absolute 1.207 ± 0.033 1.380 ± 0.049 1.158 0.025 1.088 0.038*

Relative 6.43 0.16 7.21 ± 0.26* 6.45 ± 0.11 6.88 0.28
Thymus

Absolute 0.229 0.008 0.262 0.012 0.245 0.011 0.237 0.015
Relative 1.22 0.03 1.37 0.06 1.37 0.06 1.49 0.08**

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

•* P<0.01

* Organ weights and body weights are given in grams: organ-weight-to-body-weight ratios are given as mg organ wcighi/g body weight

(mean ± standard error)

n=9
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Table F3

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Rats at the 15-Month Interim Evaluation

in the 2-Year Feed Study of C.I. Direct Blue 218^

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Male

n 10 10 10 19

Necropsy body wt 448 ± 13 432 ± 15 468 ± 11 429 ± 6

Brain

Absolute 2.178 0.013 2.132 ± 0.011* 2.135 ± 0.018* 2.128 0.018*

Relative 4.90 ± 0.15 4.99 ± 0.18 4.58 ± 0.10 4.97 HK 0.06

R. Kidney

Absolute 1.774 0.042 1.807 ± 0.052 1.847 ± 0.032 1.951 0.049**

Relative 3.98 ± 0.10 4.20 ± 0.07 3.96 ± 0.09 4.56 ± 0.11**

Liver

Absolute 16.327 0.320 14.921 ± 0.626 15.899 ± 0.296 15.943 ± 0.280

Relative 36.66 ± 0.95 34.57 ± 0.90 34.04 ± 0.65 37.24 0.67

Spleen

Absolute 0.989 ± 0.070 0.877 ± 0.043 0.951 ± 0.029 1.015 ± 0.093

Relative 2.21 ± 0.14 2.03 ± 0.06 2.03 ± 0.04 2.37 0.23

Female

n 9 9 10 10

Necropsy body wt 301 ± 9 294 ± 11 285 ± 5 280 ± 8

Brain

Absolute 1.934 ± 0.014 1.925 ± 0.013 1.915 ± 0.019 1.950 ± 0.022

Relative 6.46 ± 0.17 6.61 ± 0.24 6.74 ± 0.13 7.01 ± 0.16*

R. Kidney

Absolute 1.043 ± 0.014 1.065 ± 0.038 1.194 ± 0.021** 1.287 ± 0.035**

Relative 3.48 ± 0.10 3.62 ± 0.05 4.19 ± 0.06** 4.61 ± 0.12**

Liver

Absolute 9.766 ± 0.195 9.664 ± 0.438 9.692 ± 0.283 9.599 ± 0.258

Relative 32.51 ± 0.63 32.77 ± 0.50 33.99 ± 0.63 34.34 ± 0.46*

Spleen

Absolute 0.604 ± 0.017 0.609 ± 0.024 0.612 ± 0.025 0.601 ± 0.042

Relative 2.01 ± 0.07 2.08 ± 0.09 2.15 ± 0.09 2.16 ± 0.15

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

•* P<0.01

^ Organ weights and body weights are given in grams; organ-weight-lo-body-weight ratios are given as mg organ weight/g body weight

(mean ± standard error)
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I abi.K K4

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice in the 14-Day Feed Study of C.I. Direct Blue 218^

0 ppm 1,000 ppm 3,000 ppm 7,000 ppm 15,000 ppm 30,000 ppm

n

Mule

Necropsy body wt

Brain

Absolute

Relative

Heart

Absolute

Relative

R. Kidney

Absolute

Relative

Uver

Absolute

Relative

Lungs

Absolute

Relative

R. Testis

Absolute

Relative

TTiymus

Absolute

Relative

Female

Necropsy body wt

Brain

Absolute

Relative

Heart

Absolute

Relative

R. Kidney

Absolute

Relative

Liver

Absolute

Relative

Lungs

Absolute

Relative

Thymus

Absolute

Relative

5

21.6 ± 0.9

0.446 ± 0.009

20.78 ± 1.03

0.127 ± 0.007

5.89 ± 0.26

0.197 ± 0.009

9.11 ± 0.15

0.935 ± 0.054

43.13 ± 0.94

0.195 ± 0.011

9.10 ± 0.68

0.105 ± 0.004

4.87 ±0.19

0.043 ± 0.002

2.02 ±0.15

16.9

± 0.3

0.461 ± 0.010

27.22

± 0.25

0.120 ± 0.005

7.11 ± 0.25

0.139 ± 0.006

8.20 ± 0.20

0.765 ± 0.028

45.16 ± 0.95

0.170 ± 0.010

10.01

± 0.45

0.047 ± 0.002

2.79

± 0.08

5
22.2

± 1.0

0.443 ± 0.013

20.03

± 0.53

0.136 ± 0.002

6.18 ± 0.23

0.207 ± 0.013

9.31

± 0.36

0.913 ± 0.038

41.17 ± 0.96

0.195 ± 0.022

8.71

± 0.70

0.106 ± 0.005

4.79

± 0.18

0.030 ± 0.004*

1.36 ± 0.22

17.3

± 0.4

0.447 ± 0.006

25.91 ± 0.45

0.110 ± 0.004

6.39 ± 0.24*

0.132 ± 0.003

7.65

± 0.16

0.756 ± 0.026

43.82 ± 1.35

0.172 ± 0.006

9.96 ± 0.33

0.053 ± 0.004

3.09

± 0.27

5
21.8

± 0.8

0.455 ± 0.012

20.94 ± 0.44

0.139 ± 0.004

6.39 ± 0.13

0.212 ± 0.008

9.72

± 0.12

0.947 ± 0.046

43.44 ± 0.97

0.204 ± 0.013

9.41 ± 0.78

0.106 ± 0.005

4.85 ± 0.12

0.036 ± 0.004*

1.65

± 0.22

17.2 ± 0.2

0.448 ± 0.007

26.10 ± 0.69

0.109 ± 0.004

6.33 ± 0.14*

0.143 ± 0.004

8.33 ± 0.25

0.787 ± 0.024

45.75 ± 0.89

0.174 ± 0.005

10.11 ± 0.31

0.038 ± 0.005

2.22

± 0.30

5

21.5 ± 0.8

0.447 ± 0.011

20.78 ± 0.31

0.136 ± 0.005

6.31

± 0.08

0.211 ± 0.016

9.73

± 0.49

0.905 ± 0.046

41.99 ± 0.98

0.191 ± 0.017

8.80

± 0.49

0.112 ± 0.006

5.18 ± 0.14

0.034 ± 0.003*

1.62 ± 0.18

16.8

± 0.8

0.456 ± 0.012

27.27 ± 1.17

0.110 ± 0.008

6.52 ± 0.21*

0.140 ± 0.012

8.27 ± 0.34

0.787 ± 0.024

46.93 ± 1.32

0.168 ± 0.008

10.00 ± 0.12

0.044 ± 0.001

2.61 ± 0.08

5
21.4

± 1.3

0.451 ± 0.017

21.21 ± 0.81

0.121 ± 0.011

5.61 ± 0.33

0.204 ± 0.023

9.43 ± 0.59

1.204 ± 0.088**

56.09

± 2.46**

0.183 ± 0.012

8.55 ± 0.15

0.098 ± 0.011

4.53 ± 0.31

0.033 ± 0.003*

1.51 ± 0.07

16.9

± 0.3

0.445 ± 0.014

26.25 ± 0.49

0.102 ± 0.003*

6.01 ± 0.19**

0.134 ± 0.007

7.88 ± 0.32

0.904 ± 0.028

53.45 ± 1.73**

0.170 ± 0.009

10.05

± 0.54

0.032 ± 0.003**

1.88 ± 0.19**

5
16.8

± 0.7**

0.439 ± 0.005

26.31

±1.05**

0.106 ± 0.008*

6.26 ± 0.23

0.146 ± 0.006*

8.73

± 0.19

0.755 ± 0.038

44.97 ± 0.95**

0.145 ± 0.006*

8.66

± 0.33

0.091 ± 0.004

5.44 ± 0.17

0.013 ± 0.003**

0.76 ± 0.17**

14.7 ± 0.7**

0.438 ± 0.009

30.07 ± 1.10**

0.091 ± 0.005 ••

6.23

± 0.13* *

0.113 ± 0.008*

7.72 ± 0.21

0.777 ± 0.049

53.03 ± 2.61 * *

0.162 ± 0.021

10.98 ± 1.34

0.015 ± 0.004 ••

1.01 ± 0.21 ••

* Significantly different (P<0.05) from the control group by Williams’ or Dunnetfs lest

** P<0.01

^ Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight

(mean ± standard error)
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Table F5

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice in the 13-Week Feed Study

of C.I. Direct Blue 218®

0 ppm 3,000 ppm 10,000 ppm 20,000 ppm

Male

n

Necropsy body wt

10

27.5 ± 0.8

9

26.3 ± 0.7

9

26.1 ± 0.3

10

22.3 ± 0.9**

Brain

Absolute 0.472 ± 0.006 0.467 ± 0.010 0.464 ± 0.011 0.471 ± 0.006

Relative 17.28 ± 0.39 17.86 ± 0.65 17.77 ± 0.33 21.40 ± 0.93**

Heart

Absolute 0.167 ± 0.007 0.163 ± 0.006 0.144 ± 0.005* 0.125 ± 0.007**

Relative 6.10 ± 0.24 6.20 ± 0.26 5.51 ± 0.19 5.54 ± 0.14

R. Kidney

Absolute 0.254 ± 0.011 0.231 ± 0.007 0.231 ± 0.004 0.213 ± 0.013**

Relative 9.21 ± 0.28 8.80 ± 0.31 8.85 ± 0.10 9.57 ± 0.46

Liver

Absolute 1.069 ± 0.038 1.005 ± 0.026 1.140 ± 0.031 1.157 ± 0.055

Relative 38.91 ± 0.95 38.31 ± 0.97 43.69 ± 1.18* 52.01 ±1.85**

Lungs

Absolute 0.202 ± 0.006 0.195 ± 0.005 0.205 ± 0.006 0.182 ± 0.006*

Relative 7.36 ± 0.19 7.47 ± 0.30 7.86 ± 0.24 8.25 ± 0.32*

R. Testis

Absolute 0.123 ± 0.004 0.112 ± 0.004 0.120 ± 0.005 0.104 ± 0.007*

Relative 4.48 ± 0.10 4.25 ± 0.13 4.61 ± 0.21 4.58 ± 0.19

Thymus

Absolute 0.037 ± 0.002 0.033 ± 0.003 0.036 ± 0.002 0.028 ± 0.004

Relative 1.34 ± 0.08 1.24 ± 0.09 1.36 ± 0.06 1.28 ± 0.18

Female

n

Necropsy body wt

10

22.0 ± 0.7

10

22.9 ± 0.8

10

21.2 ± 0.5

10

19.3 ± 0.3**

Brain

Absolute 0.469 ± 0.021 0.490 ± 0.008 0.490 ± 0.007 0.487 ± 0.004

Relative 21.50 ± 1.15 21.56 ± 0.55 23.14 ± 0.48 25.27 ± 0.36**

Heart

Absolute 0.128 ± 0.003 0.122 ± 0.003 0.117 ± 0.004* 0.110 ± 0.002**

Relative 5.83 ± 0.11 5.34 ± 0.13» 5.50 ± 0.13 5.71 ± 0.14

R. Kidney

Absolute 0.167 ± 0.007 0.177 ± 0.006 0.177 + 0.005 0.168 ± 0.002

Relative 7.57 ± 0.18 7.73 ± 0.19 8.32 ± 0.13** 8.71 ± 0.15**

Liver

Absolute 0.908 ± 0.048 0.970 ± 0.032 0.969 ± 0.030 1.005 ± 0.022

Relative 41.10 ± 0.89 42.47 ± 0.82 45.65 ± 1.01** 52.04 ± 0.98**

Lungs

Absolute 0.185 ± 0.008 0.185 ± 0.007 0.195 ± 0.005 0.166 ± 0.005

Relative 8.41 ± 0.28 8.10 ± 0.29 9.21 ± 0.28 8.60 ± 0.26

Thymus

Absolute 0.042 ± 0.004 0.041 ± 0.003 0.044 ± 0.002 0.031 ± 0.002*®

Relative 1.92 ± 0.16 1.78 ± 0.12 2.06 ± 0.11 1.59 ± O.ll'’

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

•* P<0.01

® Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight

(mean ± standard error)

*’ n=9
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I aBI.K F6

(>n;an Weights and Organ-Weight-to-Body-Weight Ratios for Mice at the 15-Month Interim Evaluation

in the 2-Year Feed Study of C.I. Direct Blue 218®

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Male

n

Necropsy body wt

9

42.5 ± 0.9

10

43.6 ± 0.8

10

41.4 ± 1.1

10

37.2 ± 1.2»*

Brain

Absolute 0.527 ± 0.005 0.532 ± 0.010 0.538 ± 0.005 0.531 ± 0.006

Relative 12.44 ± 0.27 12.22 ± 0.29 13.11 ± 0.40 14.38 ± 0.43* •

R. Kidney

Absolute 0.419 ± 0.016 0.419 ± 0.010 0.397 ± 0.013 0.407 ± 0.015

Relative 9.84 ± 0.30 9.59 ± 0.16 9.61 ± 0.19 10.95 ± 0.23* •

Liver

Absolute 1.852 ± 0.231 1.730 ± 0.067 1.571 ± 0.062 1.552 ± 0.057

Relative 43.13 ± 4.63 39.62 ± 1.26 37.96 ± 0.86 41.77 ± 1.01

Spleen

Absolute 0.079 ± 0.009 0.080 ± 0.010 0.077 ± 0.007 0.073 ± 0.004

Relative 1.84 ± 0.20 1.82 ± 0.20 1.88 ± 0.17 1.95 ± 0.08

Female

n

Necropsy body wt

10

43.33 ± 1.25

10

41.91 ± 1.52

10

40.19 ± 0.82

10

34.44 ± 1.25**

Brain

Absolute 0.545 ± 0.007 0.542 ± 0.008 0.536 ± 0.008 0.546 ± 0.005

Relative 12.66 ± 0.40 13.08 ± 0.49 13.37 ± 0.29 16.04 ± 0.65**

R. Kidney

Absolute 0.265 ± 0.003 0.267 ± 0.008 0.261 ± 0.007 0.267 ± 0.008

Relative 6.18 ± 0.20 6.40 ± 0.22 6.51 ± 0.20 7.81 ± 0.25**

Liver

Absolute 1.575 ± 0.027 1.560 ± 0.029 1.581 ± 0.038 1.623 ± 0.068

Relative 36.53 ± 0.86 37.48 ± 0.91 39.48 ± 1.21 47.55 ± 2.40**

Spleen

Absolute 0.107 ± 0.004 0.130 ± 0.020 0.121 ± 0.008 0.101 ± 0.003
Relative 2.50 ± 0.12 3.16 ± 0.55 3.03 ± 0.23 2.98 ± 0.15

** Significantly different (P<0.01) from the control group by Williams’ or Dunnett’s test

® Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight

(mean ± standard error)
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Table G1
Hematology and Clinical Chemistry Data for Rats in the 13-Week Feed Study of C.I. Direct Blue 218*

0 ppm 3,000 ppm 10,000 ppm 20,000 ppm

Male

n 10 10 10 10

Hematology

Hematocrit (%) 44.8 ± 0.4 44.7 ± 0.5 42.1 ±0.5** 41.8 ± 0.5**

Hemoglobin (g/dL) 17.4 ± 0.2 17.4 ± 0.2 16.5 ± 0.2** 16.5 ± 0.2**

Erythrocytes (10*/;iL) 8.72 ± 0.08 8.77 ± 0.10 8.46 ±0.13 9.09 ± 0.12

Mean cell volume (fL) 51.4 ± 0.2 50.9 ± 0.1* 49.7 ± 0.2** 46.0 ± 0.3**

Mean cell hemoglobin (pg) 19.9 ± 0.1 19.8 ± 0.1 19.4 ± 0.1** 18.2 ±0.1**

Mean cell hemoglobin concentration (g/dL) 38.8 ± 0.2 38.9 ± 0.1 39.2 ± 0.2 39.5 ±0.1**

Leukocytes (10^//iL) 7.20 ± 0.47 7.31 ± 0.47 6.72 ± 0.45 6.43 ± 0.55

Segmented neutrophils (10^//iL) 1.49 ± 0.13 1.49 ± 0.08 1.34 ± 0.21 1.23 ± 0.11

Lymphocytes (lOV^L) 5.53 ± 0.40 5.59 ± 0.44 5.26 ± 0.33 5.11 ± 0.43

Monocytes (10%L) 0.15 ± 0.02*’

0.16 ± 0.03^

0.13 ± 0.02*^

0.03^

0.10 ± O.OO'* 0.14 ± 0.02®

Eosinophils (lOV/iL) 0.18 ± 0.15 ± 0.02*’ 0.13 ± 0.03®

Nucleated erythrocytes/100 leukocytes 0.40 ± 0.22 0.40 ± 0.16 0.80 ± 0.36 0.10 ± 0.10

Clinical Chemistry

Urea nitrogen (mg/dL) 20.2 ± 0.8 20.5 ± 0.6 21.0 ± 0.9 21.6 ± 1.8**

Alanine aminotransferase (lU/L) 74 ± 3 67 ± 2 109 ± 7* 664 ± 60**

Sorbitol dehydrogenase (lU/L) 12 ± 1 9 ± 2 10 ± 1 60 ± 6*

Female

n 10 9 10 10

Hematology

Hematocrit (%) 43.9 ± 0.4 43.2 ± 0.3 40.5 ±0.7** 38.0 ± 0.7**

Hemoglobin (g/dL) 16.9 ± 0.2 16.6 ± 0.2 15.7 ± 0.3** 14.7 ± 0.3**

Erythrocytes (10*/^L) 7.84 ± 0.08 7.81 ± 0.07 7.70 ± 0.13 7.60 ± 0.14

Mean cell volume (fL) 55.9 ± 0.1 55.2 ± 0.2** 52.6 ± 0.2** 49.9 ± 0.3**

Mean cell hemoglobin (pg) 21.5 ± 0.1 21.3 ± 0.1 20.4 ±0.1** 19.4 ± 0.2**

Mean cell hemoglobin concentration (g/dL) 38.4 ± 0.1 38.5 ± 0.2 38.8 ± 0.2 38.8 ± 0.1

Leukocytes (10^//rL) 4.91 ± 0.46 4.39 ± 0.34 3.76 ±0.17 4.01 ± 0.21

Segmented neutrophils (10V<iL) 1.04 ± 0.13 0.89 ± 0.14 0.69 ± 0.07* 0.66 ± 0.12*

Lymphocytes (10%L) 3.77 ± 0.34 3.39 ± 0.24 2.99 ± 0.16 3.29 ± 0.17

Monocytes (10^//iL) 0.14 ± 0.04*’ 0.10 ± O.OO*' 0.10
'

0.10 ± 0.00®

0.10 ± 0.00*Eosinophils (loV/iL) 0.12 + 0.02*’ 0.10 ± 0.03^ 0.10 ± 0.00*’

Nucleated erythrocytes/100 leukocytes 0.80 ± 0.29 0.50 ± 0.17) 0.10 ± 0.10* 0.20 ± 0.13

Clinical Chemistry

Alanine aminotransferase (lU/L) 52 ± 2 45 ± 1 49 ± 3 94 ± 8**

Sorbitol dehydrogenase (lU/L) 7 ± 1 6 ± 0 6 ± 0 11 ± 1*

* Significantly different (P<0.05) from the control group by Dunn’s or Shirley’s test

» P<0.01

* Mean ± standard error

n=6 ^ n=7 n=4 ^ n=5 f n=8 S n=3 n=2 ' n = l; no standard error calculated i n=10
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I ABl K (J2

llemutolo^, Clinical Chemistry, and Urinalysis Data for Rats at the 15-Month Interim Evaluation

in the 2-Year Feed Study of C.I. Direct Blue 218^

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Mule

n 10 10 10 9

I Icmatology

Hematocrit (%) 45.4 1.4 46.0 1.1 45.8 0.5 44.2 0.9

Hemoglobin (g/dL) 15.3 0.3 15.1 0.3 15.2 0.2 14.8 ± 0.3

Erythrocytes (10*//iL) 8.82 ± 0.24 8.89 ± 0.17 8.83 0.12 8.74 0.16

Mean cell volume (fL) 51.4 ± 0.5 51.7 0.4 51.9 0.5 50.5 0.7

Mean cell hemoglobin (pg) 17.4 ± 0.1 17.0 0.2* 17.2 0.2 16.9 jh 0.4*

Mean cell hemoglobin concentration (g/dL) 33.9 ± 0.4 32.8 ± 0.5 33.2 0.2 33.5 ± 0.6

Platelets (lO’V/xL) 660.4 ± 20.6 676.6 18.8 676.8 12.2 690.9 ± 22.1

Reticulocytes (10*//zL) 0.0 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 0.0*

Segmented neutrophils (%) 50.80 ± 2.37 50.70 3.08 36.90 ± 1.88** 42.00 3.74

Lymphocytes (%) 46.10 ± 2.35 46.00 ± 2.88 59.70 ± 2.03 55.78 ± 4.03

Moncytes (%) 1.10 ± 0.31 1.80 0.36 1.10 ± 0.23 1.00 ± 0.29

1 Eosinophils (%) 2.00 ± 0.30 1.50 0.27 2.20 ± 0.25 1.22 ± 0.36

Nucleated erythrocytes (/lOO wbc) 1.10 0.59 0.80 0.39 2.50 ± 0.86 1.22 0.47

1

' Clinical Chemistry
1

Urea nitrogen (mg/dL) 18.0 ± 0.4 19.1 0.6 18.8 ± 0.4 18.8 ± 0.5

Creatinine (mg/dL) 0.60 ± 0.01 0.61 ± 0.01 0.62 ± 0.02 0.59 0.01

1 Total protein (g/dL) 7.2 ± 0.1 7.3 0.1 7.5 0.1* 7.4 ± 0.1

i Albumin (g/dL) 4.3 0.1 4.2 ± 0.1 4.4 ± 0.1 4.3 0.1

Alkaline phosphatase (lU/L) 131 ± 4 118 6‘> 121 ± 4 129 4

Alanine aminotransferase (lU/L) 47 2 46 ± 3 50 4 108 7**

Sorbitol dehydrogenase (lU/L) 7 ± 1 6 ± 2
^

9 ± 1 16 ± 1**

1 Creatine kinase (lU/L) 94 11 92 13 87 ± 8 74 ± 7

Urinalysis

1
Bile acids (fimol/L) 3.86 ± 1.12‘' 13.22 ± 6.47*’ 7.00 1.98 4.56 ± 1.37
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I

Table G2
Hematology, Clinical Chemistry, and Urinalysis Data for Rats at the 15-Month Interim Evaluation

in the 2-Year Feed Study of C.I. Direct Blue 218 (continued)

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Female

n 9 9 10 10

Hematology

Hematocrit (%) 43.2 ± 0.8 43.2 ± 0.6 42.9 + 0.7 41.6 ± 0.4*

Hemoglobin (g/dL) 15.2 ± 0.2 15.2 ± 0.1 14.9 ± 0.2 14.6 ± 0.2**

Erythrocytes (10%L) 7.78 ± 0.16 7.86 ± 0.08 7.85 ± 0.10 7.80 ± 0.08

Mean cell volume (fL) 55.6 ± 0.9 55.0 ± 0.7 54.7 ± 0.5 53.3 ± 0.4*

Mean cell hemoglobin (pg) 19.6 ± 0.2 19.3 ± 0.1 19.0 ± 0.1* 18.7 ± 0.1**

Mean cell hemoglobin concentration (g/dL) 35.2 ± 0.4 35.2 ± 0.3 34.7 ± 0.4 35.1 ± 0.3

Platelets (10^//iL) 584.6 ± 11.9 582.9 ± 19.6 592.0 ± 19.8 551.7 ± 18.7

Reticulocytes (10^//iL) 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Segmented neutrophils (%) 26.00 ± 3.03 34.11 ± 4.02 34.00 ± 2.66 36.00 ± 2.70*

Lymphocytes (%) 70.56 ± 2.88 60.89 ± 3.81 62.40 ± 2.38 60.90 ± 2.53*

Monocytes (%) 1.78 ± 0.52 2.89 ± 0.42 2.30 ± 0.56 1.80 ± 0.55

Eosinophils (%) 1.56 ± 0.47 2.11 ± 0.42 1.30 ± 0.30 1.30 ± 0.37

Nucleated erythrocytes/100 leukocytes 1.67 ± 0.41 1.22 ± 0.28 0.60 ± 0.22 2.50 ± 0.58

Clinical Chemistry

Urea nitrogen (mg/dL) 19.6 ± 0.4 19.5 ± 0.8 19.9 ± 0.7 22.1 ± 0.6*

Creatinine (mg/dL) 0.65 ± 0.02 0.63 ± 0.02 0.61 ± 0.02 0.62 ± 0.01

Total protein (g/dL) 8.6 ± 0.2 8.3 ± 0.1 8.4 ± 0.1 8.5 ± 0.2

Albumin (g/dL) 5.0 ± 0.1 5.1 ± 0.1 5.1 ± 0.2 5.2 ± 0.2

Alkaline phosphatase (lU/L) 138 ± 7 146 ± 5 129 ± 15 131 ± 7

Creatine kinase (lU/L) 88 ± 17 82 ± 20 89 ± 24 75 ± 13

Alanine aminotransferase (lU/L) 36 ± 1 41 ± 2 36 ± 3 73 ± 6**

Sorbitol dehydrogenase (lU/L) 7 ± 1 8 ± 1 8 ± 1 14 ± 1**

Urinalysis

Bile acids (/imol/L) 47.33 ± 6.38 39.11 ± 7.08 43.00 ± 4.62 47.60 ± 10.87

* Significantly different (P<0.05) from the control group by Dunn’s or Shirley’s test

* P<0.01
“ Mean ± standard error

^ n=9
n=7
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I abi K (13

lleniutoloRy and Clinical Chemistry Data for Mice in the 13-Week Feed Study of C.I. Direct Blue 218*

0 ppm 3,000 ppm 10,000 ppm 20,000 ppm

Male

n 10 9 9 10

1 lematology

Hematocrit (%) 38.3 ± 0.5 37.6 ± 0.3 36.4 ± 0.7* 33.7 ± 2.2**

Hemoglobin (g/dL) 15.6 ± 0.2 15.3 ± 0.1 14.8 ± 0.3* 14.0 ± 0.9*

Erythrocytes (10*//iL) 7.81 ± 0.08 7.65 ± 0.06 7.62 ± 0.15 7.60 ± 0.45

Mean cell volume (fL) 49.2 ± 0.4 49.2 ± 0.3 47.8 ± 0.2** 44.0 ± 0.9**

Mean cell hemoglobin (pg) 20.0 ± 0.1 20.0 ± 0.1 19.4 ±0.1** 18.3 ± 0.3**

Mean cell hemoglobin concentration (g/dL) 40.7 ± 0.1 40.7 + 0.2 40.7 ± 0.1 41.6 ± 0.4**

leukocytes (loV/tL) 4.13 ± 0.53 3.98 ± 0.59 5.23 ± 0.24 5.59 ± 0.51

Segmented neutrophils (lOV/tL) 0.74 ± 0.15 0.83 ± 0.20 0.83 ± 0.13 1.58 ± 0.34*

Lymphocytes (10^/;iL) 3.27 ± 0.42 3.08 ± 0.44 4.24 ± 0.18* 3.79 ± 0.48

Monocytes (lOV/iL) 0.12 ± 0.02*’ 0.10 ± O.OO*' 0.13 ± 0.02** 0.16 ± 0.03^

Eosinophils (lOV/iL) 0.10 ± 0.00*’ 0.10 ± 0.00*^ 0.17 ± 0.078 0.16 ± 0.04*^

Clinical Chemistry

Urea nitrogen (mg/dL) 23.9 ± 1.9 23.8 ± 1.8 27.2 ± 1.0 26.7 ± 2.1

Alanine aminotransferase (lU/L) 82 ± 11 92 + 14 119 ± 9* 223 ± 25**

Sorbitol dehydrogenase (lU/L) 35 ± 2 38 ± 2 83 ± 9** 175 ±

Female

n 10 10 10 10

Hematology

Hematocrit (%) 38.3 ± 0.4 38.2 ± 0.6 38.0 ± 0.4 36.4 ± 1.2

Hemoglobin (g/dL) 15.4 ± 0.2 15.4 ± 0.2 15.3 ± 0.2 14.8 ± 0.5

Erythrocytes (10*//iL) 7.52 ± 0.09 7.54 ± 0.09 7.85 ± 0.09* 7.66 ± 0.24*

Mean cell volume (fL) 51.0 ± 0.3 50.6 ± 0.4 48.4 ± 0.3** 47.6 ± 0.3**

Mean cell hemoglobin (pg) 20.5 ± 0.2 20.4 ± 0.1 19.5 ±0.1** 19.3 ±0.1**
Mean cell hemoglobin concentration (g/dL) 40.1 ± 0.1 40.3 ± 0.2 40.2 ± 0.2 40.6 ± 0.2

Leukocytes (10^//iL) 4.13 ± 0.46 5.97 ± 0.68 5.94 ± 0.62 5.69 ± 0.69

Segmented neutrophils (loV/iL) 0.65 ±0.10 0.89 ±0.16 1.32 ± 0.22* 0.96 ± 0.21

Lymphocytes (lOV/xL) 3.34 ± 0.37 4.83 ± 0.54 4.42 ± 0.41 4.54 ± 0.60

Monocytes (10^//iL) 0.12 ± 0.02^ 0.17 ± 0.03 0.20 ± 0.03** 0.20 ± 0.06®

Eosinophils (10^//rL) 0.13 ± 0.03' 0.23 ± O.O9S 0.14 ± 0.04*^ 0.13 ± 0.038

Clinical Chemistry

Urea nitrogen (mg/dL) 21.1 ± 1.4 19.8 ± 1.3 18.4 ± 1.2 23.4 ± 1.6

Alanine aminotransferase (lU/I.) 71+9 73 ± 5 138 ± 13** 202 ± 17***’

Sorbitol dehydrogenase (lU/L) 27 ± 1 31 ± 1* 83 ± 5** 165 ± 18**

* Significantly different (P<0.05) from the control group by Dunn’s or Shirley’s test
*• P<0.01

* Mean ± standard error
^ n=6 c n=5 ^ n=7 e f „=2 8 n=3 n=9 ‘ n=4
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Table G4
Hematology and Clinical Chemistry Data for Mice at the 15-Month Interim Evaluation in the 2-Year Feed Study

of C.I. Direct Blue 218®

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Male

n 9 10 10 10

Hematology

Hematocrit (%) 48.9 ± 1.4 45.2 ± 0.8* 46.7 ± 1.4 43.7 ± 0.8**

Hemoglobin (g/dL) 16.9 ± 0.3 16.0 ± 0.3* 16.1 ± 0.3* 15.8 ± 0.2**

Erythrcxytes (10^/;iL) 10.48 ± 0.27 9.60 ± 0.24 10.12 ± 0.36 9.73 ± 0.24

Mean cell volume (fl) 46.6 ± 0.4 47.0 ± 0.7 46.4 ± 0.7 45.0 ± 0.6**

Mean cell hemoglobin concentration (g/dL) 34.7 ± 0.8 35.5 ± 0.3 34.6 ± 0.6 36.2 ± 0.3

Platelets (10^//iL) 1,543.0 ± 104.0 1,467.0 ± 79.0 1,640.0 ± 91.0 1,680.0 ± 122.0

Reticulocytes (10^//iL) 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0

Leukocytes (10^//iL) 4.72 ± 0.71 4.55 ± 0.62 5.37 ± 0.40 5.44 ± 0.83

Segmented neutrophils (loV/iL) 1.60 ± 0.40 1.90 ± 0.29 1.98 ± 0.28 2.27 ± 0.45

Lymphocytes (10^/;iL) 3.01 ± 0.38 2.51 ± 0.36 3.30 ± 0.25 3.12 ± 0.52

Monocytes (lO^Z/iL) 0.10 ± 0.04 0.07 ± 0.02 0.08 ± 0.03 0.05 ± 0.02

Eosinophils (10^//iL) 0.01 ± 0.01 0.03 ± 0.02 0.02 ± 0.01 0.01 ± 0.01

Clinical Chemistry

Alanine aminotransferase (lU/L) 46 ± 9*’ 34 ± 4*= 27 ± 2** 60 ± 5**‘

Sorbitol dehydrogenase (lU/L) 46 ± 7 39 ± 2 38 ± 3 54 ± 1**

Female

n 10 10 10 10

Hematology

Hematocrit (%) 45.4 ± 0.6 44.8 ± 1.0 46.2 ± 0.8 43.1 ± 0.8*

Hemoglobin (g/dL) 16.2 ± 0.1 16.1 ± 0.3 16.4 ± 0.2 15.5 ± 0.2*

Erythrocytes (10*/^L) 9.91 ± 0.08 9.77 ± 0.18 10.29 ± 0.22 9.80 ± 0.18

Mean cell volume (fL) 45.7 ± 0.5 46.1 ± 0.2 44.9 ± 0.2* 44.0 ± 0.3**

Mean cell hemoglobin concentration (g/dL) 35.7 ± 0.4 36.0 ± 0.3 35.5 ± 0.4 35.9 ± 0.4

Platelets (lO^L) 1,273.0 ± 38.0 1,340.0 ± 93.0 1,186.0 ± 34.0 1,363.0 ± 55.0

Reticulocytes (10*//iL) 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0

Leukocytes (lOV/iL) 4.41 ± 0.32 4.79 ± 0.49 5.68 ± 0.57 6.45 ± 0.65*

Segmented neutrophils (lO^/^rL) 1.50 ± 0.17 1.75 ± 0.21 2.05 ± 0.39 2.10 ± 0.29

Lymphocytes (10^/;iL) 2.86 ± 0.21 2.95 ± 0.35 3.50 ± 0.31 4.27 ± 0.52*

Monocytes (10^/;iL) 0.02 ± 0.01 0.05 ± 0.02 0.11 ± 0.04** 0.07 ± 0.02*

Eosinophils (10^//iL) 0.03 ± 0.02 0.04 ± 0.02 0.03 ± 0.02 0.03 ± 0.02

Clinical Chemistry

Alanine aminotransferase (lU/L) 30 ± 4 32 ± 3 28 ± 4 64 ± 4**‘‘

Sorbitol dehydrogenase (lU/L) 28 ± 3 27 ± 2 29 ± 1 61 ± 5**

* Significantly different (P<0.05) from the control group by Dunn's or Shirley's test

P<0.01
® Mean ± standard error
*’ n=7

n=9
n=8d
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CHEMICAL CHARACTERIZATION AND
DOSE FORMULATION STUDIES

Procurement and Characterization of C.I. Direct Blue 218
C.I. Direct Blue 218 was obtained in two lots. The first lot (AT101681) was obtained from the Atlantic

Chemical Company (Nutley, NJ). Based on the analysis of lot AT101681 originally supplied, desalting was

necessary to reduce the inorganic salt content to a level acceptable for bioassay. Lot AT101681 was

desalted by the analytical chemistry laboratory. Midwest Research Institute (Kansas City, MO), using a

dialysis procedure. The salt content (expressed as sodium chloride) was reduced from approximately

16.5% to about 1.7%, a salt reduction of 90% based on elemental analysis. The purified chemical was

then milled to a fine powder and manually homogenized, and the desalted material was assigned lot

number M042382. The second lot (F47238) was obtained from Ciba-Geigy Corporation Dyestuffs and

Chemical Division (Toms River, NJ) then desalted by the Atlantic Chemical Company using a dialysis

procedure; the resultant salt content was 0.7%. Lot M042382 was used throughout the 14-day and

13-week studies in rats and mice and lot F47238 was used throughout the 2-year studies in rats and mice.

Reports on identity, purity, and stability analyses performed by the analytical chemistry laboratory in

support of the C.I. Direct Blue 218 studies are on file at the National Institute of Environmental Health

Sciences.

Lots M042382 and F47238 of the dye, a dark blue powder, were identified as C.I. Direct Blue 218 by

infrared and ultravioletA'isible spectroscopy. Nuclear magnetic resonance (NMR) spectroscopic analysis

was unsuccessful due to the apparent paramagnetic interferences from copper in the sample. All spectra

were consistent with those expected for the structure (Figures HI, H2, and H3) and similar to those of

C.I. Direct Blue 15 from which C.I. Direct Blue 218 is synthesized.

The purity of lots M042382 and F47238 was determined by elemental analyses, weight loss on drying,

reduction titration, thin-layer chromatography (TLC), and high-performance liquid chromatography

(HPLC). Reduction titration was performed in acetic acid containing titanium (III) chloride with

standardized ferric ammonium sulfate. Thin-layer chromatography (TLC) was performed on silica gel

plates using two solvent systems: 1) methylethyl ketone:toluene:diethylamine:pyridine:water

(26:11:21:21:21), and 2) diethylamine:water (85:15). Visualization was accomplished with visible light and

short (254 nm) and long (366 nm) wavelength ultraviolet light. HPLC was performed with a Whatman
CO:PELL ODS column in a mixture of two solvents: A) O.OIM tetrabutylammonium hydroxide (TBA) in

water, adjusted to a pH of 6.8 with 10% phosphoric acid, and B) 0.01 M TBA in methanol, adjusted to the

same pH as solvent A using the same method as for solvent A, at a flow rate of 1 mL/minute. Visible

detection was at 658 nm and ultraviolet detection was at 254 nm.

Elemental analyses could not be used to confirm the identity or relative purity of the major component in

either lot because each sample was a complex mixture of organic and inorganic components. However,

elemental analyses indicated the presence of 1.7% sodium chloride in lot M042382 and 0.68% sodium

chloride in lot F47238. Elemental analysis of copper (9%) was consistent with the presence of two copper

atoms for each organic molecule. Inorganic copper salt could have been present but this could not be

confirmed. Weight toss on drying for lot M042382 indicated 6.07% ± 0.00% water and 11.38% ± 0.02%

water in lot F47238. Reduction titration indicated a purity of 90.8% ±1.1% for lot M042382 and a purity

of 83% ± 2% for lot F47238, assuming reduction of two azo groups and two copper ions per molecule of

dye. These values are probably enhanced by the presence of titrable impurities. Thin-layer

chromatography using system 1 indicated one major spot, ten minor impurities, and two trace impurities

and one slight trace impurity for lot M042382 and one major spot, six minor impurities, and two trace

impurities for lot F47238. Solvent system 2 indicated one major spot, five minor impurities, and two trace

impurities for lot M042328 and one major spot, three minor impurities, and three trace impurities for

lot F47238. HPLC indicated a major peak and up to nine impurities (peaks > 1% of total area) with
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combined peak areas of approximately 34% at 254 nm and 25% at 658 nm relative to that of the major

peak (Figure H2). The combined data for lot M042382 and F47238 provides a final estimate of

approximately 60% by weight for the major component for each lot.

A.S a supplement to the identity and purity analyses, solvent extractions were performed to determine the

concentrations of 3,3
^ -dimethoxybenzidine and benzidine in lots M042382 and F47238. HPLC indicated

7.4 ppm 3,3'-dimethoxybenzidine in lot M042382 and less than 1 ppm in lot F47238. Benzidine was not

present at levels greater than 1 ppm in either lot.

Stability studies performed by HPLC using the system described above, but with acetophenone added as an

internal standard and ultraviolet detection at 254 nm indicated that C.I. Direct Blue 218, when stored

protected from light, was stable as a bulk chemical for 2 weeks at temperatures up to 25° C. The stability

of the bulk chemical was al.so monitored periodically at the study laboratory by ultravioletA^isible

spectrophotometry and HPLC. No degradation of the study material was seen throughout the studies.

Preparation and Analysis of Dose Formulations
Initial attempts were made to use water as the vehicle for dose formulations. However, C.I. Direct

Blue 218 solubility in water was limited. Attempts to define the solubility were unsuccessful. The

absolute solubility could not be determined because of the complex nature of this commerical dye, i.e. the

dye is a mixture of different complex species with different solubilities. Subsequently, the dose

formulations were prepared by mixing C.I. Direct Blue 218 with feed (Table HI). Dose formulations were

prepared prior to the initiation and at the midpoint of the 14-day studies, prior to the initiation and every

2 weeks for the 13-week studies, and eveiy 2 weeks in the 2-year studies.

Dose formulation homogeneity and stability analyses of the 500 ppm concentration were conducted by the

analytical chemistry laboratory. C.I. Direct Blue 218 exhibited a broad absorption spectrum with a

maximum at 622 nm. The formulations were extracted with 90 mL of methanol, centrifuged, and diluted

with methanol. The samples were filtered and the absorbance was measured at 622 nm. Homogeneity was

confirmed and the stability of the dose formulations was established for 3 weeks when stored in the dark at

temperatures up to 25° C and for 1 week when stored open to air and light.

Periodic analyses of the dose formulations of C.I. Direct Blue 218 were conducted at the study laboratory

and at the analytical chemistry laboratory using visible spectroscopy. The feed was extracted with

methanol containing 1 M tetrabutylammonium hydroxide. The absorbance was determined at 622 nm.

During the 14-day studies, the dose formulations were analyzed prior to study initiation (Table H2).

During the 13-week studies, the dose formulations were analyzed at the initiation, midpoint, and

termination of the studies (Table H3). During the 2-year studies, the dose formulations were analyzed at

least once every 8 weeks (Table H4). In the 2-year studies, 92 of 93 dose formulations analyzed were

within 10% of the target concentration. Results of periodic referee analysis performed by the analytical

chemistry laboratory were in good agreement with the results obtained by the study laboratory (Table H5).
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Figure Hi
Infrared Absorption Spectrum of C.I. Direct Blue 218
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Figure H2
High Performance Liquid Chromatograph of C.I. Direct Blue 218 at 254 nm
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Figure H3
High Performance Liquid Chromatograph of C.I. Direct Blue 218 at 658 nm
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Chemical Characterization and Dose Formulations

Tablk hi
Preparation and Storage of Dose Formulations in the Feed Studies of C.I. Direct Blue 218

14-Day Studies 13-Week Studies 2-Year Studies

IVeparation

Premix was prepared by mixing

C.I. Direct Blue 218 and feed with

mortar and pestle; premix and

remaining feed layered in a twin shell

blender and mixed for 10 minutes.

Ix)t Number
M042382

Maximum Storage Time
2 weeks

Storage

In the dark at 5° C

Study Laboratory

International Research and

Development Corporation,

Mattawam, MI

Analytical Chemistry Laboratory

Midwest Research Institute, Kansas

City, MO

Premix was prepared by mixing

C.I. Direct Blue 218 and feed; premix

and remaining feed layered in a twin

shell blender and mixed for

10 minutes with intensifier bar on.

Same as 14-day studies

Same as 14-day studies

In the dark under refrigeration at a

temperature of 1° C

Same as 14-day studies

Same as 14-day studies

Premix was prepared by mixing

C.I. Direct Blue 218 and feed; premix

and remaining feed layered in a twin

shell blender and mixed for 5 minutes

with intensifier bar on and 10 minutes

with intensifier bar off.

F47238

3 weeks after date of preparation

In double-sealed plastic bags, at or

below room temperature

Microbiological Associates,

Incorporated, Bethesda, MD

Same as 14-day studies

Table H2
Results of Analysis of Dose Formulations Administered to Rats and Mice

in the 14-Day Feed Studies of C.I. Direct Blue 218

Date Prepared Date Analyzed

Target

Concentration

(ppm)

Determined

Concentration®

(ppm)

Difference

from

Target (%)

30 June 1982 1 July 1982 1,000 1,030 -1-3

3,000 2,980 -1

15,000 14,600 -3

30,000 29,500 -2

8 July 1982 7,000 7,590 +8

* Results of duplicate analyses
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Table H3
Results of Analysis of Dose Formulations Administered to Rats and Mice

in the 13-Week Feed Studies of C.I. Direct Blue 218

Date Prepared Date Analyzed

Target

Concentration

(ppm)

Determined

Concentration^

(ppm)

Difference

from

Target (%)

7 December 1982 9 December 1982 20,000 22,600*’ + 13

20,000 22,100'’ + 11

20,000 21,700'* +9

10 December 1982 3,000 2,990** 0

3,000 3,040'’ + 1

3,000 2,970'* -1

13 December 1982 14 December 1982 20,000 19,200** -4

20,000 19,700'’ -1

20,000 19,800'* -1

15 December 1982 3,000 3,030** + 1

3,000 3,080'’ +3
3,000 2,910'* -3

15 December 1982 15 December 1982 10,000 9,430 -6

10 January 1983 14 January 1983 3,000 2,910 -3

24 January 1983 25 January 1983 3,000 2,990 0

26 January 1983 10,000 9,480 -5

20,000 19,100 -A

7 March 1983 8 March 1983 10,000 10,400 +4

® Results of duplicate analyses
*’ Sample taken from top of blender
^ Sample taken from middle of blender
** Sample taken from bottom of blender
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Table 1 14

Results of Analysis of Dose Formulations Administered to Rats and Mice

in the 2-Year Feed Studies of C.I. Direct Blue 218

Target Determined Difference

Date Prepared Date Analyzed Concentration Concentration® from

(ppm) (ppm) Target (%)

9 August 1985 12 August 1985 1,000 973*’ -3

1,000 1,016'^ -1-2

1,000 1,004** 0

3,000 2,920 -3

10,000 10,600*’ -1-6

10,000 9,980*^ 0

10,000 9,870** -1

2 October 1985 3 October 1985 10,000 9,950 -1

10,000 9,840 -2

10,000 10,000 0

' 10 December 1985 12 December 1985 1,000 1,090 +9
1,000 1,070 +1
1,000 1,060 +6
3,000 3,030 + \

3,000 3,030 + l

1 3,000 3,030 + \

10,000 9,850 -2

1
10,000 9,840 -2

10,000 9,860 -1

I

28 January 1986 29 January 1986 1,000 1,030 -f-3

3,000 2,860 -5

10,000 9,950 -1

20 March 1986 24 March 1986 1,000 1,040 -t-4

3,000 2,890 -A

10,000 9,410 -6

8 May 1986 9 May 1986 1,000 933 -7

1,000 1,090 -t-9

1 3,000 2,980 -1

3,000 3,280 + 9

10,000 9,830 -2

i

10,000 10,100 + 1

' 17 July 1986 18-20 July 1986 1,000 1,080 +8
1 1,000 1,090 -t-9

3,000 3,180 -1-6

3,000 3,280 -t-9

1 10,000 10,600 -1-6

10,000 10,800 -t-8

' 17 September 1986 19 September 1986 1,000 951 -5

1,000 943 -6

3,000 2,760 -8

3,000 2,720 -9

10,000 9,570 -4

10,000 9,140 -9
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Table H4
Results of Analysis of Dose Formulations Administered to Rats and Mice

in the 2-Year Feed Studies of C.I. Direct Blue 218 (continued)

Date Prepared Date Analyzed

Target

Concentration

(ppm)

Determined

Concentration

(ppm)

Difference

from

Target (%)

17 November 1986 21 November 1986 1,000 1,000 0

1,000 986 -1

3,000 3,030 -t-1

3,000 3,120 -1-4

10,000 9,910 -1

10,000 9,750 -3

6 January 1987 7-8 January 1987 1,000 1,090® -1-9

1,000 1,070 +7
3,000 3,110 -t-4

3,000 3,150 -1-5

10,000 10,600 -(-6

10,000 10,600 -1-6

2 March 1987 3-4 March 1987 1,000 1,000 0

1,000 1,070 +1
3,000 3,160 +5
3,000 3,150 -1-5

10,000 10,800 -1-8

10,000 10,400 -t-4

21 April 1987 22 April 1987 1,000 919 -8

1,000 964 -4

3,000 3,000 0

3,000 2,950 -2

10,000 9,950 -1

10,000 10,100 -t-1

22 June 1987 23 June 1987 1,000 1,130 -1-13

1,000 1,100 -t-10

3,000 3,260 H-9

3,000 3,230 H-8

10,000 10,500 -f5

10,000 10,400 -1-4

24 June 1987 24 June 1987 1,000 998^ 0

18 August 1987 18 August 1987 1,000 963^ -4

4 February 1988^ 4-5 February 1988 1,000 1,010 -1-1

1,000 1,000 0

3,000 2,870 -A

3,000 3,080 +3
10,000 10,300 -f3

10,000 10,800 -1-8
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Tabi.E H4
Results of Analysis of Dose Formulations Administered to Rats and Mice

in the 2-Year Feed Studies of C.I. Direct Blue 218 (continued)

Rate Prepared Rate Analyzed

Target

Concentration

(ppm)

Retermined

Concentration

(ppm)

Rifference

from

Target (%)

24 March 1988^ 25 March 1988 1,000 1,030 -1-3

1,000 1,000 0

3,000 3,030 -t-1

3,000 3,030 -1-1

10,000 10,400 -1-4

10,000 10,200 +2

20 April 19888 26-27 April 1988 1,000 1,050 -1-5

1,000 993 -1

3,000 3,220 -1-7

3,000 3,040 -t-1

10,000 10,700 -1-7

10,000 10,600 -t-6

a

b

c

d

e

f

g

Results of duplicate analyses

Sample taken from top right of blender

Sample taken from top left of blender

Sample taken from bottom of blender

Results of triplicate analyses

Results of remix

Doses administered to rats only
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Table H5
Results of Referee Analysis of Dose Formulations

in the 13-Week and 2-Year Feed Studies of C.I. Direct Blue 218

Target Concentration

Determined Concentration (ppm)

Study Referee

Date Prepared (ppm) Laboratory^ Laboratory**

13-Week Studies

10 January 1983 3,000 2,910 4,107 ± 110

7 March 1983 10,000 10,400 10,667 ± 569

2-Year Studies

9 August 1985 1,000 998 975 ± 59

20 March 1986 3,000 2,890 3,097 ± 69

17 September 1986 10,000 9,570 9,853 ± 130

2 March 1987 3,000 3,150 2,933 ± 49

18 August 1987 1,000 963 1,049 ± 21

4 February 1988 10,000 10,300 10,100 ± 153

® Results of duplicate analyses

Results of triplicate analyses (mean ± standard deviation)
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Table II

Feed and Compound Consumption by Male Rats in the 2-Year Feed Study of C.I. Direct Blue 218

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm
Feed Body Feed Body Dose/ Feed Body Dose/ Feed Body Dose/

(g/day)‘' Weight (g/day) Weight Day (g/day) Weight Day (g/day) Weight Day

Week (g) (g) (mg/kg/day)*’ (g) (mg/kg/day) (g) (mg/kg/day)

2 14.2 156 13.7 154 89 14.1 156 272 14.1 154 917

5 15.1 237 14.6 231 63 15.7 233 201 15.6 234 669

10 14.7 304 15.8 312 50 16.3 318 154 16.3 311 524

13 16.0 343 15.5 340 46 15.4 346 133 15.0 336 447

17 15.9 379 16.2 364 44 15.4 378 122 15.3 360 425

21 16.3 399 16.2 388 42 16.1 397 122 16.0 371 432

25 18.3 411 17.5 405 43 18.9 407 139 18.5 378 489

29 20.7 425 20.4 422 48 19.6 433 136 18.0 401 447

33 20.3 436 18.4 432 43 18.6 444 126 17.1 409 417

37 18.4 446 16.9 440 38 18.3 448 123 18.0 410 439

41 17.7 452 18.5 444 42 17.5 453 116 17.8 408 436

45 16.8 456 16.8 449 37 17.2 450 115 16.2 415 390

49 16.7 466 16.5 454 36 16.6 462 108 16.9 419 402

53 17.0 465 16.5 454 36 17.0 462 111 16.5 420 393

57 18.4 467 17.6 454 39 18.2 458 119 17.1 415 414

61 18.2 461 17.9 447 40 17.8 456 117 18.4 414 443

65 17.7 466 16.1 454 35 16.5 456 109 16.0 413 388

69 18.2 469 18.3 456 40 17.3 458 113 16.4 420 392

73 17.3 466 17.5 459 38 17.3 455 114 16.2 410 394

77 17.0 465 17.2 458 38 17.3 461 112 16.3 420 387

80 16.3 463 16.0 458 35 15.7 457 103 15.5 416 374

85 15.7 460 15.0 454 33 15.5 457 102 13.7 411 334

89 17.1 455 14.6 441 33 15.5 442 105 15.6 405 386

93 17.6 454 15.2 434 35 13.8 449 92 14.9 403 370

97 16.4 450 15.4 451 34 15.5 445 105 15.4 401 384

101 16.6 453 15.1 439 34 16.3 443 111 14.3 387 369

Mean for weeks

1-13 15.0 260 14.9 259 62 15.4 263 190 15.3 259 639

14-52 17.9 430 17.5 422 42 17.6 430 123 17.1 397 431

53-101 17.2 461 16.3 451 36 16.4 454 109 15.9 410 387

Grams of feed consumed per animal per day
*’ Milligrams of C.I. Direct Blue 218 consumed per day per kilogram body weight
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Tahlk 12

Feed und Compound Consumption by Female Rats in the 2-Year Feed Study of C.I. Direct Blue 218

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm

Wetk

Feed

(g/day)*

Body

Weight

(R)

Feed

(g/day)

Body

Weight

(g)

Dose/

Day

(mg/kg/day)*’

Feed

(g/day)

Body

Weight

(g)

Dose/

Day

(mg/kg/day)

Feed

(g/day)

Body

Weight

(g)

Dose/

Day

(mg/kg/day)

2 10.5 119 10.2 118 86 10.3 119 260 10.4 120 866

5 10.5 148 10.1 150 67 9.8 149 197 9.2 152 605

10 9.9 181 9.8 184 53 9.9 185 160 9.3 180 519

13 9.4 191 9.2 191 48 9.0 192 140 8.7 185 472

17 8.4 204 8.7 202 43 10.0 201 149 9.2 192 481

21 10.0 209 10.0 210 48 9.7 208 140 9.6 193 497

25 11.0 209 10.7 214 50 10.9 209 157 10.9 193 565

29 11.2 223 11.1 225 49 10.9 222 147 10.5 208 508

33 11.2 231 10.7 233 46 11.5 230 150 11.5 214 536

37 11.2 237 10.6 237 45 10.9 233 140 11.0 217 508

41 10.5 242 10.7 242 44 11.2 240 140 10.9 226 482

45 10.9 251 10.6 247 43 10.9 244 134 11.3 232 487

49 11.3 258 11.1 259 43 10.9 254 129 10.8 244 445

53 11.5 269 11.6 267 44 11.7 261 135 11.9 249 479

57 11.1 275 11.9 275 43 11.4 270 127 11.7 259 450

61 11.5 283 12.2 273 45 11.4 275 124 11.6 263 442

65 12.1 292 12.0 290 41 12.4 289 129 12.5 276 453
69 12.9 304 13.7 306 45 12.6 305 124 12.1 288 421

73 12.6 314 12.5 311 40 12.5 310 121 12.0 294 409

77 12.4 322 12.8 318 40 12.8 317 121 12.8 302 424

80 13.0 332 12.9 329 39 12.8 327 118 12.1 310 389

85 12.4 336 12.4 334 37 12.0 334 107 11.9 312 382
89 11.9 334 11.4 331 34 11.6 333 105 10.4 308 337

93 11.9 337 12.4 336 37 12.0 332 109 11.9 309 385

97 11.3 341 12.3 342 36 12.8 337 114 11.9 316 376

101 12.5 346 11.7 340 35 12.3 338 109 11.1 310 358

Mean
1-13

for weeks

10.0 160 9.8 161 64 9.8 162 189 9.4 159 616
14-52 10.6 229 10.5 230 46 10.8 227 143 10.6 213 501
53-101 12.1 314 12.3 312 40 12.2 310 119 11.8 298 408

* Grams of feed consumed per animal per day
^ Milligrams of C.I. Direct Blue 218 consumed p>er day per kilogram body weight
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Table 13

Feed and Compound Consumption by Male Mice in the 2-Year Feed Study of C.I. Direct Blue 218

0 ppm 1,000 ppm 3,000 ppm 10,000 ppm
Feed Body Feed Body Dose/ Feed Body Dose/ Feed Body Dose/

(g/day)® Weight (g/day) Weight Day (g/day) Weight Day (g/day) Weight Day

Week (g) (g) (mg/kg/day)’’ (g) (mg/kg/day) (g) (mg/kg/day)

2 5.6 22.1 4.1 21.6 188 3.5 21.2 497 5.1 20.8 2,459

6 5.2 26.1 4.4 25.4 172 4.4 24.9 531 5.3 23.6 2,250

10 5.3 28.2 5.5 27.9 198 5.6 27.3 619 6.7 25.4 2,641

13 4.7 31.0 4.3 30.3 140 4.4 29.3 455 4.9 26.8 1,829

18 4.9 33.8 4.9 33.1 149 5.1 32.5 469 5.8 29.0 1,991

21 5.1 35.7 4.9 34.9 141 5.2 34.5 451 6.0 31.1 1,939

25 4.0 38.0 3.7 37.0 100 3.7 36.4 307 4.0 32.0 1,238

29 4.5 38.5 4.6 37.3 124 4.2 36.9 343 4.6 32.9 1,411

33 4.4 40.4 4.3 39.3 111 4.4 38.7 344 4.8 33.8 1,415

37 4.1 41.2 4.4 40.9 108 4.2 39.5 318 4.2 35.5 1,178

41 4.2 43.2 4.2 42.0 100 3.9 41.1 286 4.3 36.1 1,181

45 4.2 43.9 4.2 43.2 97 4.0 42.1 283 4.0 37.1 1,076

49 4.1 45.7 3.9 43.8 90 3.9 43.3 272 4.1 37.8 1,096

53 4.2 46.0 4.1 44.2 92 3.9 43.7 268 4.0 38.5 1,035

57 4.5 45.2 4.4 44.0 101 4.5 43.5 311 4.6 39.5 1,176

61 4.3 45.7 4.3 44.7 97 4.1 44.6 277 4.3 39.1 1,112

69 4.9 46.7 4.9 45.7 107 4.9 44.4 332 4.7 38.6 1,221

73 5.0 47.0 4.7 46.3 102 4.8 44.2 328 5.0 38.2 1,320

77 5.1 46.9 4.9 46.7 105 5.1 45.2 338 5.9 38.6 1,520

81 5.3 47.2 5.0 46.4 108 5.1 45.3 338 5.8 38.3 1,522

85 5.2 47.8 4.8 46.1 104 4.8 44.8 319 5.7 38.2 1,497

89 5.5 44.8 4.9 45.0 no 5.1 43.9 350 6.0 36.9 1,630

93 4.9 44.9 4.7 44.0 107 4.7 43.3 324 5.4 36.3 1,480

97 4.6 43.5 4.8 43.2 111 4.7 42.1 335 5.7 35.1 1,638

101 5.1 41.3 4.5 40.6 111 4.7 40.3 347 5.9 33.5 1,749

Mean for weeks

1-13 5.2 26.9 4.5 26.3 174 4.5 25.7 526 5.5 24.2 2,295

14-52 4.4 40.0 4.4 39.1 113 4.3 38.3 341 4.6 33.9 1,392

53-101 4.9 45.6 4.7 44.7 105 4.7 43.8 322 5.3 37.6 1,408

b
Grams of feed consumed per animal per day

Milligrams of C.I. Direct Blue 218 consumed per day per kilogram body weight
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Tabi.k 14

Feed and Compound Consumption by Female Mice in the 2-Year Feed Study of C.I. Direct Blue 218

0 ppm 1,000 ppm 3.000 ppm 10,000 ppm
Feed Body Feed Body Dose/ Feed Body Dose/ Feed Body Dose/

(K/day) Weight (g/day) Weight Day (g/day) Weight Day (g/day) Weight Day

Week (8) (g) (mg/kg/day)** (g) (mg/kg/day) (g) (mg/kg/day)

2 5.8 18.5 4.1 18.2 223 5.8 18.2 960 5.7 17.5 3,256

6 5.7 22.4 4.8 21.7 223 5.9 20.8 858 6.1 19.9 3,083

10 6.1 25.1 6.5 24.9 259 6.1 24.0 763 6.2 22.1 2,792

13 5.8 27.2 4.5 26.4 171 5.2 25.6 604 5.6 23.5 2,374

18 5.6 30.3 6.1 29.1 210 7.2 27.7 111 7.4 25.5 2,919

21 6.3 32.8 6.3 31.2 201 6.8 29.7 688 6.9 27.5 2,499

25 4.1 35.2 4.3 34.7 124 4.9 31.8 463 5.1 29.3 1,748

29 5.1 35.9 5.8 36.1 160 4.9 33.4 438 6.4 30.4 2,092

33 4.9 37.6 5.0 38.3 130 5.5 35.4 464 6.0 31.6 1,907

31 4.4 39.4 4.8 39.9 120 4.8 35.9 399 5.1 32.8 1,551

41 4.5 40.3 4.5 40.6 112 4.4 38.0 344 4.9 33.0 1,482

45 4.5 40.9 4.6 42.0 108 4.6 39.0 353 4.7 33.8 1,382

49 4.5 43.3 4.6 42.9 107 4.6 41.1 337 4.7 34.8 1,337

53 4.5 43.8 4.8 44.1 108 4.5 42.4 319 4.8 35.4 1,347

57 5.2 44.1 5.3 45.0 119 5.2 42.5 365 5.7 36.1 1,568

61 4.9 44.5 4.9 45.2 107 4.9 42.8 347 5.7 35.4 1,606

69 5.5 46.5 5.8 45.6 127 5.9 44.2 400 6.4 35.4 1,813

73 5.2 47.2 5.6 45.4 124 5.7 44.1 385 6.1 35.3 1,721

77 5.6 47.2 6.0 46.4 128 6.0 44.8 401 6.9 35.4 1,960

81 6.2 46.1 6.2 45.9 136 6.1 44.4 412

85 5.6 46.4 6.2 46.1 135 5.8 44.2 395 7.4 34.4 2,148

89 5.8 44.5 6.0 44.9 133 5.8 43.2 400 7.6 33.6 2,258

93 6.0 44.8 6.0 43.3 139 5.7 42.9 399 7.2 32.6 2,202

97 5.1 43.6 5.5 42.6 129 5.7 40.6 419 7.3 30.9 2,362

101 5.3 40.3 6.0 40.3 148 5.6 38.2 437 7.8 28.6 2,712

Mean for weeks

1-13 5.9 23.3 5.0 22.8 219 5.8 22.2 796 5.9 20.8 2,876

14-52 4.9 37.3 5.1 37.2 141 5.3 34.7 474 5.7 31.0 1,879

53-101 5.4 44.9 5.7 44.6 128 5.6 42.9 390 6.6 33.9 1,973

® Grams of feed consumed per animal per day
^ Milligrams of C.I. Direct Blue 218 consumed per day per kilogram body weight
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Table J1

Ingredients of NIH-07 Rat and Mouse Ration^

Ingredients^ Percent by Weight

Ground #2 yellow shelled com 24.50

Ground hard winter wheat 23.00

Soybean meal (49% protein) 12.00

Fish meal (60% protein) 10.00

Wheat middlings 10.00

Dried skim milk 5.00

Alfalfa meal (dehydrated, 17% protein) 4.00

Com gluten meal (60% protein) 3.00

Soy oil 2.50

Dried brewer’s yeast 2.00

Dry molasses 1.50

Dicalcium phosphate 1.25

Ground limestone 0.50

Salt 0.50

Premixes (vitamin and mineral) 0.25

* NCI, 1976; NIH, 1978
h , .. . . . - . ^ ^ . . .

Ingredients were ground to pass through a U.S. Standard Screen No. 16 before being mixed.

Table J2

Vitamins and Minerals in NIH-07 Rat and Mouse Ration^

Amount Source

Vitamins

A 5,500,000 lU Stabilized vitamin A palmitate or acetate

D3 4,600,000 lU D-activated animal sterol

K
3 2.8 g Menadione

</-a-Tocopheryl acetate 20,000 lU

Choline 560.0 g Choline chloride

Folic acid 2.2 g

Niacin 30.0 g

t/-Pantothenic acid 18.0 g ^/-Calcium pantothenate

Riboflavin 3.4 g

Thiamine 10.0 g Thiamine mononitrate

Bj
2 4,000 fig

Pyridoxine 1-7 g Pyridoxine hydrochloride

Biotin 140.0 mg d-Biotin

Minerals

Iron 120.0 g Iron sulfate

Manganese 60.0 g Manganous oxide

Zinc 16.0 g Zinc oxide

Copper 4.0 g Copper sulfate

Iodine 1.4 g Calcium iodate

Cobalt 0.4 g Cobalt carbonate

Per ton (2,000 lb) of finished product
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Table J3
Nutrient Composition of NIII-07 Rat and Mouse Ration

Nutrient

Mean ± Standard

Deviation Range Number of Samples

Protein (% by weight) 22.54 ± 0.71 21.30 - 24.00 30

Crude F-'at (% by weight) 5.47 ± 0.29 4.80 - 6.00 30

Crude Fiber (% by weight) 3.38 ± 0.29 2.80 - 3.90 30

Ash (% by weight) 6.61 ± 0.88 2.41 - 7.89 30

Amino Acids (% of total diet)

Arginine 1.308 ± 0.060 1.210-1.390 8

Cystine 0.306 ± 0.084 0.181 - 0.400 8

Glycine 1.150 ± 0.047 1.060 - 1.210 8

Histidine 0.576 ± 0.024 0.531 - 0.607 8

Isoleucine 0.917 ± 0.029 0.881 - 0.944 8

Leucine 1.946 ± 0.055 1.850 - 2.040 8

Lysine 1.270 ± 0.058 1.200 - 1.370 8

Methionine 0.448 ± 0.128 0.306 - 0.699 8

Phenylalanine 0.987 ± 0.140 0.665 - 1.110 8

Threonine 0.877 ± 0.042 0.824 - 0.940 8

Tryptophan 0.236 ±0.176 0.107 - 0.671 8

Tyrosine 0.676 ±0.105 0.564 - 0.794 8

Valine 1.103 ± 0.040 1.050 - 1.170 8

Essential Fatty Acids (% of total diet)

Linoleic 2.393 ± 0.258 1.830- 2.570 7

Linolenic 0.280 ± 0.040 0.210 - 0.320 7

Vitamins

Vitamin A (lU/kg) 7,434 ± 3,558 4,500 - 19,000 30

Vitamin D (lU/kg) 4,450 ± 1,382 3,000 - 6,300 4

a-Tocopherol (ppm) 37.95 ± 9.406 22.50 - 48.90 8

Thiamine (ppm) 20.30 ± 2.31 15.0 - 25.0 30
Riboflavin (ppm) 7.92 ± 0.87 6.10 - 9.00 8

Niacin (ppm) 103.38 ± 26.59 65.0 - 150.0 8

Pantothenic Acid (ppm) 29.54 ± 3.60 23.0 - 34.0 8
Pyridoxine (ppm) 9.55 ± 3.48 5.60 - 14.0 8

Folic Acid (ppm) 2.25 ± 0.73 1.80-3.70 8

Biotin (ppm) 0.254 ± 0.042 0.19 - 0.32 8

Vitamin Bj
2
(ppb) 38.45 ± 22.01 10.6 - 65.0 8

Choline (ppm) 3,089 ± 328 2,400 - 3,430 8

Minerals

Calcium (%) 1.19 ± 0.13 0.90 - 1.45 30
Phosphorus (%) 0.94 ± 0.06 0.81 - 1.10 30
Potassium (%) 0.883 ± 0.078 0.772 - 0.971 6

Chloride (%) 0.526 ± 0.092 0.380 - 0.635 8
Sodium (%) 0.313 ± 0.390 0.258 - 0.371 8
Magnesium (%) 0.168 ± 0.010 0.151 - 0.181 8
Sulfur (%) 0.280 ± 0.064 0.208 - 0.420 8
Iron (ppm) 360.54 ± 100 255.0 - 523.0 8
Manganese (ppm) 91.97 ± 6.01 81.70-99.40 8
Zinc (ppm) 54.72 ± 5.67 46.10 - 64.50 8
Copper (ppm) 11.06 ± 2.50 8.09 - 15.39 8
Iodine (ppm) 3.37 ± 0.92 1.52-4.13 6

Chromium (ppm) 1.79 ± 0.36 1.04 - 2.09 8
Cobalt (ppm) 0.681 ±0.14 0.490 - 0.780 4
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Table J4

Contaminant Levels in NIH-07 Rat and Mouse Ration

Mean ± Standard

Deviation* Range Number of Samples

Contaminants

Arsenic (ppm) 0.52 ± 0.29 0.12 - 0.98 30

Cadmium (ppm) 0.10 ± 0.02 0.10 - 0.20 30

Lead (ppm) 0.32 ± 0.20 0.05 - 0.87 30

Mercury (ppm) 0.05 ± 0.01 0.05 - 0.06 30

Selenium (ppm) 0.37 ± 0.10 0.17 - 0.60 30

Aflatoxins (ppb) <5.0 30

Nitrate nitrogen** (ppm) 20.80 ± 8.47 10.00 - 37.0 30

Nitrite nitrogen** (ppm) 0.28 ± 0.42 <0.10 - 2.10 30

BHA** (ppm) 3.77 ± 5.06 <2.00 - 22.0 30

BHT* (ppm) 1.17 ± 0.53 <0.10 - 3.00 30

Aerobic plate count (CFU/g)** 207,633 ± 280,205 22,000- 1,200,000 30

Coliform (MPN/g)® 179 ± 233 <3.00 - 1,100 30

E. coli (MPN/g)

Total Nitrosoamines (ppb)*

N-Nitrosodimethylamine (ppb)*

N-Nitrosopyrrolidine (ppb)*

4.53 ± 7.28 <3.00 - 43.00 30

8.62 ± 3.73 3.30 - 19.40 30

7.19 ± 3.02 3.00 - 14.00 30

1.43 ± 1.43 0.30 - 5.40 30

Pesticides (ppm)

a-BHC6 <0.01 30

^-BHC <0.02 30

y-bhc <0.01 30

(J-BHC <0.01 30

Heptachlor <0.01 30

Aldrin <0.01 30

Heptachlor epoxide <0.01 30

DDE <0.01 30

DDD <0.01 30

DDT <0.01 30

HCB <0.01 30

Mirex <0.01 30

Methoxychlor <0.05 30

Dieldrin <0.01 30

Endrin <0.01 30

Telodrin <0.01 30

Chlordane <0.05 30

Toxaphene <0.1 30

Estimated PCBs <0.2 30

Ronnel <0.01 30

Ethion <0.02 30

Trithion <0.05 30

Diazinon <0.1 30

Methyl parathion <0.02 30

Ethyl parathion <0.02 30

Malathion** 0.16 ± 0.19 0.05 - 0.85 30

Endosulfan I <0.01 30

Endosulfan 11 <0.01 30

Endosulfan sulfate <0.03 30
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Table J4

Contaminant I^evels in NIH-07 Rat and Mouse Ration (continued)

* For values less than the limit of detection, the detection limit is given for the mean.
^ Sources of contamination; alfalfa, grains, and fish meal
^

Sources of contamination; soy oil and fish meal

CFU=colony forming unit

* MPN = most probable number
^ All values were corrected for percent recovery

* BHC=hexachlorocyclohexane or benzene hexachloride

Two lots contained more than 0.50 ppm
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SENTINEL ANIMAL PROGRAM

Methods
Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in

optimally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel

Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic

evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored via

serology on sera from extra (sentinel) animals in the study rooms. These animals and the study animals

are subject to identical environmental conditions. The sentinel animals come from the same production

source and weanling groups as the animals used for the studies of chemical compounds.

Rats
Serum samples were taken from five male and five female rats at 6-month intervals during the 2-year

study; however, to better evaluate the virological burden of the study, additional rats were introduced so

that sera could be collected at additional time points. These samples were processed appropriately and

submitted to Microbiological Associates, Inc. (Bethesda, MD) for determination of antibody titers. The
following tests were performed;

Method of Analysis Time of Analysis

ELISA
PVM (pneumonia virus of mice)

RCV (rat coronavirus)

RCV/SDA (rat coronavirus/sialodacryoadentitis virus)

Sendai

6, 12, 14, 18, and 24 months

6 months

8, 9, 12, 14, 18, and 24 months

6, 8, 9, 12, 14, 18, and 24 months

Hemagglutination Inhibition

H-1 (Toolan’s H-1 virus)

KRV (Kilham rat virus)

6, 12, 18, and 24 months

6, 12, 18, and 24 months
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Mice
Serum samples were taken from five male and five female sentinel mice at 6, 12, and 18 months during the

study. Serum samples for the 24-month screening were obtained from five male and five female control

mice. These samples were processed appropriately and submitted to Microbiological Associates, Inc. for

determination of the virus antibody titers. The following tests were performed:

Method of Analysis Time of Analysis

Complement Fixation

LCM (lymphocytic choriomeningitis virus)

ELISA
CARB (cilia-associated respiratory bacillus)

Ectromelia virtis

GDVII (mouse encephalomyelitis virus)

LCM
MVM (minute virus of mice)

Mouse adenoma virus

MHV (mouse hepatitis virus)

Mycoplasma arthritidis

Mycoplasma pulmonis

PVM
Reovirus 3

Sendai

Hemagglutination Inhibition

K (papovavirus)

MVM
Polyoma virus

Immunofluorescence Assay

EDIM (Epizootic diarrhea of infant mice)

LCM
MVM

6 and 12 months

12 and 24 months

6, 12, 18, and 24 months

6, 12, 18, and 24 months

24 months

24 months

6, 12, 18, and 24 months

6, 12, 18, and 24 months

6, 12, and 24 months

6, 12, and 24 months

6, 12, 18, and 24 months

6, 12, 18, and 24 months

6, 12, 18, and 24 months

6, 12, 18, and 24 months

6, 12, and 18 months

6, 12, 18, and 24 months

6, 12, 18, and 24 months

18 months

24 months

Results are presented in Table Kl.
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Table K1
Murine Virus Antibody Determinations for Rats and Mice in the 2-Year Feed Studies

of C.I. Direct Blue 218

Interval Incidence of Antibody Positive Serologic

in Sentinel Animals Reaction for

6 months 10/10 Sendai

9/10 RCV

12 months 10/10 Sendai

9A0 RCV/SDA

18 months 10/10 Sendai

24 months 0/8 RCV

6 months 0/10 None positive

12 months 0/10 None positive

18 months 0/9 None positive

24 months 0/10 None positive
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NATIONAL TOXICOLOGY PROGRAM TECHNICAL REPORTS
PRINTED AS OF JANUARY 1994

TR No. CHEMICAL TR No , CHEMICAL

201 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Dermal) 273 Trichloroethylene (Four Rat Strains)

206 1 ,2-Dibromo-3-chloropropane 274 Tris(2-ethylhexyl)phosphate

207 Cytembena 275 2-Chloroethanol

208 FD & C Yellow No. 6 276 8-Hydroxyquinoline

209 2,3,7,8-Tetrachlorodibenzo-/>-dioxin (Gavage) 277 Tremolite

210 1,2-Dibromoethane 278 2,6-Xylidine

211 C.I. Acid Orange 10 279 Amosite Asbestos

212 Di(2-ethylhexyl)adipate 280 Crocidolite Asbestos

213 Butyl Benzyl Phthalate 281 HC Red No. 3

214 Caprolactam 282 Chlorodibromomethane

215 Bisphenol A 284 Diallylphthalate (Rats)

216 11-Aminoundecanoic Acid 285 C.I. Basic Red 9 Monohydrochloride

217 Di(2-Ethylhexyl)phthalate 287 Dimethyl Hydrogen Phosphite

219 2,6-Dichloro-p-phenylenediamine 288 1,3-Butadiene

220 C.I. Acid Red 14 289 Benzene

221 Locust Bean Gum 291 Isophorone

222 C.I. Disperse Yellow 3 293 HC Blue No. 2

223 Eugenol 294 Chlorinated Trisodium Phosphate

224 Tara Gum 295 Chrysotile Asbestos (Rats)

225

226

D & C Red No. 9

C.I. Solvent Yellow 14

296 Tetrakis(hydroxymethyl) phosphonium Sulfate &
Tetrakis(hydroxymethyl) phosphonium Chloride

227 Gum Arabic 298 Dimethyl Morpholinophosphoramidate

228 Vinylidene Chloride 299 C.I. Disperse Blue 1

229 Guar Gum 300 3-Chloro-2-methylpropene

230 Agar 301 o-Phenylphenol

231 Stannous Chloride 303 4-Vinylcyclohexene

232 Pentachloroethane 304 Chlorendic Acid

233 2-Biphenylamine Hydrochloride 305 Chlorinated Paraffins (C23, 43% chlorine)

234 Allyl Isothiocyanate 306 Dichloromethane (Methylene Chloride)

235 Zearalenone 307 Ephedrine Sulfate

236 Z)-Mannitol 308 Chlorinated Pariffins (C12, 60% chlorine)

237 1,1,1,2-Tetrachloroethane 309 Decabromodiphenyl Oxide

238 Ziram 310 Marine Diesel Fuel and JP-5 Navy Fuel

239 Bis(2-chloro-l-Methylethyl)ether 311 Tetrachloroethylene (Inhalation)

240 Propyl Gallate 312 M-Butyl Chloride

242 Diallyl Phthalate (Mice) 313 Mirex

243 Trichlorethylene (Rats and Mice) 314 Methyl Methacrylate

244 Polybrominated Biphenyl Mixture 315 Oxytetracycline Hydrochloride

245 Melamine 316 1 -Chloro-2-methylprop>ene

246 Chrysotile Asbestos (Hamsters) 317 Chlorpheniramine Maleate

247 L-Ascorbic Acid 318 Ampicillin Trihydrate

248 4,4 -Methylenedianiline Dihydrochloride 319 1 ,4-Dichlorobenzene

249 Amosite Asbestos (Hamsters) 320 Rotenone

250 Benzyl Acetate 321 Bromodichloromethane

251 2,4- & 2,6-Toluene Diisocyanate 322 Phenylephrine Hydrochloride

252 Geranyl Acetate 323 Dimethyl Methylphosphonate

253 Allyl Isovalerate 324 Boric Acid

254 Dichloromethane (Methylene Chloride) 325 Pentachloronitrobenzene

255 1,2-Dichlorobenzene 326 Ethylene Oxide

257 Diglycidyl Resorcinol Ether 327 Xylenes (Mixed)

259 Ethyl Acrylate 328 Methyl Carbamate

261 Chlorobenzene 329 1,2-Epoxybutane

263 1,2-Dichloropropane 330 4-Hexylresorcinol

266 Monuron 331 Malonaldehyde, Sodium Salt

267 1,2-Propylene Oxide 332 2-Mercaptobenzot h iazole

269 Telone 11® (1,3-Dichloropropene) 333 A-Phenyl-2-naphthylamine

271 HC Blue No. 1 334 2-Amino-5-nitrophenol

272 Propylene 335 C.I. Acid Orange 3
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TR No. CHEMICAL TR No. CHEMICAL

336 Penicillin VK 385 Methyl Bromide

337 Nitrofurazone 386 Tetranitromethane

338 Erythromycin Stearate 387 Amphetamine Sulfate

339 2-Amino-4-nitrophenol 388 Ethylene Thiourea

340 lodinated Glycerol 389 Sodium Azide

341 Nitrofurantoin 390 3,3 -Dimethylbenzidine Dihydrochloride

342 Dichlorvos 391 Tris(2-chloroethyl) Phosphate

343 Benzyl Alcohol 392 Chlorinated Water and Chloraminated Water

344 Tetracycline Hydrochloride 393 Sodium Fluoride

345 Roxarsone 394 Acetaminophen

346 Chloroethane 395 Probenecid

347 D-Limonene 396 Monochloroacetic Acid

348 a-Methyldopa Sesquihydrate 397 C.I. Direct Blue 15

349 Pentachlorophenol 398 Polybrominated Biphenyls

350 Tribromomethane 399 Titanocene Dichloride

351 p-Chloroaniline Hydrochloride 400 2,3-Dibromo-l -propanol

352 N-Methylolacrylamide 401 2,4-Diaminophenol Dihydrochloride

353 2,4-Dichlorophenol 402 Furan

354 Dimethoxane 403 Resorcinol

355 Diphenhydramine Hydrochloride 404 5,5-Diphenylhydantoin

356 Furosemide 405 C.I. Acid Red 114

357 Hydrochlorothiazide 406 y-Butyrolactone

358 Ochratoxin A 407 C.I. Pigment Red 3

359 8-Methoxypsoralen 408 Mercuric Chloride

360 N,N-Dimethylaniline 409 Quercetin

361 Hexachloroethane 410 Naphthalene

362 4-Vinyl-l-Cyclohexene Diepoxide 411 C.I. Pigment Red 23

363 Bromoethane (Ethyl Bromide) 412 4,4-Diamino-2,2-stilbenedisulfonic Acid

364 Rhodamine 6G (C.I. Basic Red 1) 413 Ethylene Glycol

365 Pentaerythritol Tetranitrate 414 Pentachloroanisole

366 Hydroquinone 415 Polysorbate 80

367 Phenylbutazone 416 o-Nitroanisole

368 Nalidixic Acid 417 p-Nitrophenol

369 Alpha-Methylbenzyl Alcohol 418 /?-Nitroaniline

370 Benzofuran 419 HC Hellow 4

371 Toluene 420 Triamterene

372 3,3-Dimethoxybenzidine Dihydrochloride 421 Talc

373 Succinic Anhydride 422 Coumarin

374 Glycidol 423 Dihydrocoumarin

375 Vinyl Toluene 424 o-Benzyl-p-chlorophenol

376 Allyl Glycidyl Ether 425 Promethazine Hydrochloride

377 o-Chlorobenzalmalononitrile 427 Turmeric Oleoresin

378 Benzaldehyde 428 Manganese (II) Sulfate Monohydrate

379 2-ChIoroacetophenone 431 Benzyl Acetate

380 Epinephrine Hydrochloride 432 Barium Chloride Dihydratc

381 d-Carvone 434 1,3-Butadiene

382 Furfural 443 Oxazepam

384 1,2,3-Trichloropropane

These NTP Technical Reports are available for sale from the National Technical Information Service, U.S. Department of Commerce,

5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single copies of this Technical Report arc available without charge

(and while supplies last) from the NTP Central Data Management, NIEHS, P.O. Box 12233, MD AO-01, Research Triangle Park, NC
27709.
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